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THE MANUFACTURE 

SULPHATE OF* AMMONIA 



CHAPTER I 

SULPHATE OF AMMONIA : ITS COMPOSITION AND AN ALYSIS 

9 4 

.Sulphate of ammonia is a salt formed by the ckstillation of 
ammonia gas into sulphuric acid. It has th\ following 
formula:— 6 

(NH 4 ) 2 S 0 4 . 

In a perfectly pure salt entirely free from moisture this would 
give a composition of 25.757% NH 3 and 74.243% R,S 0 4 . 
This state of purity, however, is never met with on a"large 
scale. ° 

The commercial article is a salt of light grey colour, and is 
guaranteed to contain a minimum of 24% NH 3 . * It usually 
contains from 24.25% to 24.75% NH 3 , from'2 to 4% of moisture 
and ffbm 945% to 0.4% uncombined H 2 S 0 4 . The buyers also 
frequently* stipulate that it shall be free from cyanides, as these 
are deleterious to vegetable gr^'ths. As the greater part of 
the sulphate of ammonia produced is used as a chemical manure, 
eiftter by itself or conftined with other substances, the necessity 
for this freedom from cyanides will be readily understood. 

In works where the storage capacity is ample, it sometimes 
happens that the sulphate of ammonia is kept for*a rather long 
time, and in this case, especially if*the salt has been burned 
• ov er occasionally, it loses so much moisture that it frequently 
contains from 24.75% to 25.25% NH 3 . In works where the 
siflphate of ammonia is dried in a hydro-extractor, the same 
result may be obtained by running the extractor a little longer. 
Such a salt, especially if aljo of fairly white colour, usually fetches 
the top market price, but the little extra price secured scarcely 
pays for the extra ammonia above the 24% guaranteed in the 
t normal way. • 

From time to time efforts have been made to adopt the* 
practice of selling upon the basis of so much per cent, of NH 3 • 
for example, if 24% was sold at £12 per ton, then 24.4% \ifould 
be £12 * 24.4 + 24= £14, 4s. per ton. Such 9 method would 
certaujly h*»fairer to the manufacturer, tut unfortunately, for 
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so^ reason, up to the present these efforts have not been 
attended with success. 0 

Sampling .—The usual method of sampling a parcel at the 
works is to take a small pinch from each bag as it is packed, 
place it in a large jam jar or other suitable vessel with a lid, 
and when the packing of the parcel is completed intimately to 
mix the contents of the jar, andyhen from this intimately-mixed 
sample to fill, say, three 8-oz. wide-mouthed bottles, taking 
care to cork, seal and label them immediately ufterwards. One 
of these samples is afterwards used for analysis and the other 
two reserved for reference in case of any dispute arising. 

In the event of the packing of the parcel extending over 
more than one day, it is desirable each evening thoroughly to 
mix up tileY:ontents of the jar and afterwards fill a glass bottle 
of, say, i lb capacity, carefully either corking and sealing same, D 
or—which/ is more convenient—using an india-rubber stopper 
to cork the bottle. When the parcel is completed these large 
samples aib carefully mixed together in proportion to the 
weights they represent, and from this mixed sample the three 
smaller samples are taken, as in the previous case.' 

In sampling from a large heap it is desirable to dig into the 
heap for about a foot, and to take the sample from the bottom 
of the hole,thus formed, repeating this in about a dozen places, 
taking care that these samples are taken at different heights in 
the heap. The samples thus taken are carefully mixed together 
and the three bottles filled, as in the previous case.' , 

Analysis .—The sample of sulphate of ammonia-is usually 
analysed for ammonia (NH 3 )? moisture and'uncombined sul¬ 
phuric acid, the two first-named being of most importance. 

For the ammonia test, two standard solutions are necessity, 
viz. /—normal sulphuric acid (i.e., a solution containing 49 
grammes of pure H 2 S 0 4 per litre) and normal sodium hydrate 
(a solution containing 40 grammes of pure sodium hydrate 
per litre). 

To make the former, into a Winchester quart bottle put 
two litres of water and add to it slowly about 60 c.c.’s of sul¬ 
phuric acid (the quality known as R.O.V. or D.O.V. will‘be 
sufficiently pure for the purpose). Shake up well and allow to 
cool. While this solution is cooling, a small quantity of car¬ 
bonate of soda is prepared for standardising, by being heated in 
a platinum or porcelain crucible over a low bunsen flame, the 
flame only being of such a height as just to touch the bottom 
of the crucible. After heating for about a quarter of an hour 4 
the, sodium carbonate is allowed to cool under a desiccator; 
ready for weighing. Messrs J. W. Towers* & <Co„ Limited, 
supply a quality of parbonate of sod? “ Puriss. Anlfydrou^” 
made for this special purpose. To standardise the t-id, 150 c!c. 
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burette is filled with the acid* solution, after being .carefa^ly 
rinsed out with the same. 2.6 j grammes of the dried sodium 
carbonate is carefully weighed and transferred to a porcelain 
evaporating dish of about g-iaches diameter. A little water 
is added and a little strong solution of methyl orange (this 
being used as the indicator oiacidity or alkalinity). The acid 
is slowly run from the buretys iflto the solution until, after 
'standing for a few moments, the solution is neutral between 
pink and yelloi#, when the number of c.c.’s used is read off. If 
the acid solution is quite normal the number of c.c.’s required will 
be exactly 50, but as the solution has been made rather stronger 
than this to allow for impurities in the acid used, it will prob¬ 
ably have taken a few c.c.’s less than this quantity. ^Supposing 
it has taken 46 c.c.’s, it will be obvious that for efery 46 c.c.’s 
it will be necessary to add to the solution an additional 4 c.c.’s 
of water. After doing so and allowing to cool again, a similar 
test with the sodium carbonate is again made, and this time the 
2.65 grammes of sodium carbonate should require ^ust 50 c.c.’s 
of acid solution to neutralise it. 

The solution of iqethyl orange referred to is made by j.dding 
distilled water to the methyl orange powder until the solution 
is of a good strong colour. This solution is much more reliable 
as an indicator than litmus solution. t 

To make the normal solution of sodium hydrate, about two 
litres of water are placed in a Winchester quart bottle and about 
85 gffiimme's o? sodium hydrate (in sticks) slowly added to same. 
After thd 1 sticks,are dissolved, shake up well and allow to cool. 
The solution is now ready for;*standardising. To do this, fill 
the burette already used with normal sulphuric acid, and a second 
50 c.c. burette witH* the solution of sodium hydrate solution. 
Into a dish run 20 c.c.’s of the normal acid, add a smajl quantity 
of methyl orange solution, and then run into it the sodium 
hydrate solution until the acid is jmst neutralised. Repe# the 
experiment, and if the second experiment confirms the first 
they may be taken as correct. It will be found that the 20 c.c.’s 
of acid have scarcely taken 20 c.c.’s of the soda solution, 
and again it will be necessary to add the necessary quantity 
of water to the soda*solution to make up the deficiency. After 
doing so check the finisljfd solution, and if now 20 c.c.’s of acid 
require 20 c.c.’s of the sodium hydrate solution to neutralise 
them, the solution may be taken as correct. 

In order to avoid confusion it is desirable to have the burettjj 
for the normal sulphuric acid with a glass tap and,the one for 
the normal solution of sodium hydrate with the usual india- 
rubber tube? glass-pointed tube and brass clip, the two being 
held in*a suitable double burette stand. * . 

A, very suitable apparatus in whjcn'to maUe tire test is 
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sliofoi in Fig. I. a is a flask oi heat-resisting glass of about i| 
litres’ capacity, having an india-rubber stopper with two holes. 
Through one of these is inserted the separator marked b, of 
about 50 c.c.’s capacity, and (having a glass tap as shown. 
Through the other hole is inserted a leading tube with two 
small bulbs in it, c. By india-n*bber tubing this is connected 



Fig. 1.—Sulphate of Ammonia Testing Apparatus. 


to the inlet tube, d, of the second flask- This is formed from a 
pipette of about 100 c.c.’s capacity, and it is inserted through 

J ne of two holes in the india-rubber stopper of the second 
ask, c. This flask is about 700 c.c.’s capacity. In the 
second hole. a calcium chloride tube, /, is placed, the small tube 
at tlje bottom having been previously bent at a slight angle 
as shown. This tube should be filled with broken pieces of 
glass. The^-object of {he tubes, c and $, is to prevent 0 dangej 
of the ckntefits of the {lask, c, being syphoned bask inf,o the 
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flask, a, through draughts in tTie laboratory, while the obj#ct 
of the calcium chloride tube, ft is # to catch any slight splashes 
that may be thrown off from the flask, c. 

To make the tests, the sample of the sulphate of ammonia 
is ground up in a mortar, thoroughly mixed up, and three 
samples of 2 1 grammes each carefully weighed out on the 
•balance. * 

The first saqjple is washed into the flask, a, through a glass 
funnel, with water. Into the flask, e, is carefully measured 
40 c.c.’s of the normal sulphuric acid and a little distilled water 
added. The apparatus is now connected up, and through the 
separator, b, is added about 50 c.c.’s of strong sodium hydrate 
solution, care being taken to close the tap as soon a*tW solution 
has passed through. A little water is then run* through the 
separator to clear the tap, the bunsen burner flighted, and 
the distillation carried on for about an hour. At the close of 
this time, on removing the stopper from the fl*sk, a, there 
should be. no smell of ammonia, nor should the steam issuing 
from it turn a litmus paper blue. Instead of removing the 
stopper from the flask, a, the apparatus may be conveniently 
disconnected between c and d. The contents of the flask, e, 
are now allowed to cool (this may be accelerated by allowing 
cold water to run over it), and the contents are thin transferred 
to a porcelain dish. Methyl orange solution is then added, 
andmormal sndium hydrate solution run in until the contents 
of the dish are just neutral, this being shown by the colour of 
the solution btHig neither distinctly pink nor yellow. A reading 
of the number of c.c.’s of the normal sodium hydrate required 
So achieve this result is carefully taken, and this quantity is 
deductg/ from the 40 c.c.’s of normal sulphuric acid originally 
taken. The difference is multiplied by 0.017 (tlii# being the 
quantity of ammonia that 1 c.c. of either the acid »r soda solution 
is equivalent to), and this result afain multiplied by ^o,*when 
the result will show the percentage of NH 3 contained in the sul¬ 
phate of ammonia. 

• The following example will make this clear : — 

Normal sulphufic acid 

taken . . t . 40 c.c.’s 

Normal sodium hydrate 
solution required to 
neutralise . . 4.0 

• 

Difference . 36.0 x .017 x 40 = 24.48% J£H 3 . 

To»ascertain the moisture the second 2| gramjjres is taken 
and dried in a hot-wSter bath for about /our hoi»rs. At is then 
re-sighed and the weighing again baoked. ' It is put back for 
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another Saif hour and agaii* weighed. If the third weighing is 
the same as the second it i$ thus found to be perfectly dry; 
if not it is again put back and allowed to remain until the 
weight is constant. The difference between the original weight 
and the weight when dry will, of course, represent the amount 
of moisture present, and this nfultiplied by 40 will give the 
percentage. Example :— r 

Grammes. 

i\ grammes of sulphate ammonia and* 

watch glass.12.500 

Second weighing, say, 12.440 
Third weighing 12.425 
Fou^tl^ weighing.12.425 

Loss . 0.075 x 40 

= 3.00% moisture. 

To ascertkin the amount of uncombined (or free) acid present, 
the third 2\ grammes is dissolved with distilled water in a 
porcelain evaporating dish and neutralised with the normal 
sodium hydrate solution from the burette, methyl orange again 
being used as the indicator. The quantity of sodium hydrate 
solution usee]'is multiplied by 0.049 (this being the amount of 
sulphuric acid that 1 c.c. of the normal sodium hydrate solution 
is equivalent to) and again multiplied by 40, w^en the result 
will show the percentage of the uncombined acid present in the 
sulphate of ammonia. - 

Example:— 

Quantity of normal sodium hydrate required — 

0,2 c.c. x .049 x 40 = 0.392% free H 2 S 0 4 . 

For this last test, if greater delicacy of testing is required, it is 
advisable to make up another standard solution of sodium 
hydrate’by taking 100 c.c.’s of the normal solution and adding 
to it 900 c.c.’s of water. The strength of the solution is then 

spoken of a§ deci-normal and x c.c. is then equal to .0049% 

of sulphuric acid only. The calculation would then require to 
be, of course, altered accordingly. * 



CHAPTER II 


THE RAW MATERIALS : AMMONIACAL LIQUOR, SULPHURIC 
ACID AND LIME 

Ammoniacal Liquor. —Practically the whole of the sylphate of 
ammonia produced is made from ammoniacal liquo^ obtained 
from the following sources :— 

(a) Gasworks, 

(b) Coke-Oven Plants. 

(c) Shale Works. 

(d) Blast Furnaces in Iron Works. 

From a practical standpoint the liquors from the first three 
of these sources present many points of similarity ; tftey all 
contain ammonia, C 0 2 and H 2 S, and differ chiefly in their 
strength, that produced in gasworks usually being the richest 
in ammonia, while that produced from coke-oven pfents contains 
only about half the quantity of that from the gasworks, and 
that*produce?! from shale works is even weaker still. In the 
annual report pi the Chief Inspector under the Alkali, etc., 
\Vorks Act, lor 1896, much# interesting matter regarding 
amirtoniacal liquor is given and in a table in the Appendix 
are given comparisdhs of the constituents of tlje different types 
of liquer, the information for these being extracted from the 
Alkali Inspector’s report above mentioned. * 

In passing, we may say that the sulphate of arrfrnonia industry 
is deeply indebted to Mr Linder, 8ne of the assistants 8f the 
Chief Inspector, for the many careful analyses of ammoniacal 
liquor which he has made during the last few years, and the 
Seductions which he has drawn from them, which have been 
published in the Chief Inspector’s reports for the years 1903-4-5 
and 6, and which will \^pll repay perusal. 

Ammoniacal liquor is a very complex substance, the ammonia 
■existing under various combinations. For practical purposes, 
however, they are classed under two divisions :— 

(«) Volatile, or as it is frequently, but erronaously, callecT 
“ free ”—that is, those combinations of ammoqja that 
. can be volatilised by the application of steam, and, 

(b) Those comfllnations of ammonia thaf require the 
“addition of an alkali such as liftie to libera* them. 
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Under the former heading fs classified :— 

Free ammonia (the pre^nae of ammonia in the free state in 
ammoniacal liquor is exceedingly doubtful, and, if it 
exists at all, it can onfy be in very newly made liquor) 
Ammonium carbonate Ammonium hydrosulphide 

,, sulphide. «- ,, cyanide. 

Under the latter heading is classified :— 

Ammonium sulphate Ammonium tlnocarbonate 

,, sulphite „ sulphocyanide 

,, chloride ,, ferrocyanide. 

,, thiosulphate. 

Analysis 

Specific dravily .—The specific gravity of ammoniacal liquor 
is usually expressed in degrees Twaddel (Tw.) at a temperature 
of 6o° Fahri This is ascertained by means of the hydrometer, 
the most suitable form for this purpose being one made with a 
large bulb and the scale marked in |° from o° to 10° Tw. As 
very ft.w hydrometers are absolutely corredt, it is always advis¬ 
able, before putting a new one into use, to check its correctness 
by means of the specific gravity bottle. 

To do sof- first weigh a 50-gramme specific gravity bottle on 
the balance to ascertain its tare. Then fill with distilled water 
at 6o° Fahr. and weigh again. The difference'will givt the 
weight of water actually contained. This precaution is very 
necessary, as it is rare to fin^l that the bottte actually con¬ 
tains exactly the 50 grammes marked on it. The bottle is 
then rinsed out ( with the ammoniacal liquer to be tested, fill*! 
—the temperature being exactly 6o° Fahr.—and then reureighed. 
The difference between this last weight and the tare of the bottle 
will, of course; give the weight of the liquid being tested, and if 
this fie divided by the weight of the water actually contained in 
the bottle, the result will give the specific gravity of the liquor.. 
The following example will make this clear :— 

Gramm®. 

Weight of specific gravity bottle aqd distilled 

water.75-917 

Weight of specific gravity bottle empty . . 25.926 

Weight of water .... 

Weiglitiof specific gravity bottle full of ammoniacal 

( liquor being tested. 

Weight of eiqpty specific gravity bottle *. ' . 

\ 4 
Weight of ammoniacal liquor . 


49.991 

* 

77-516 
.-25-926 
— — 

5^90 
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51.590 x 1000-*-49.991 = The specific gravity* gi 

the ammoniacal liquor being teied is therefore 1031.9, taking 
water as being 1000. To ascertain’from this the strength that 
the Twaddel hydrometer should %how, deduct from the specific 
gravity shown 1000 and divide the remainder by 5, when the 
result will be the °Tw. In thi?*case # the calculation will be 

1031.9 
less 1000 


5 ) 3 i -9 


6.38 

6.38 °Tw. is the correct reading, and a comparison ?f the actual 
reading on the hydrometer will show the correction to be made 
in future readings of the hydrometer at that strength. If this 
is done with the various strengths of liquor likely ^0 be tested 
with it, and a scale of corrections prepared, it will remove one 
of the most fruitful sources of difficulty in agreeing upon the 
strength of liquor. • , 

Ounce Strength .-—The term “ ounce strength ” is applied to 
the number of ounces of pure sulphuric acid required to neutralise 
1 gallon of the ammoniacal liquor being tested, an(J the test as 
formerly made formed a rough-and-ready method of gauging 
the ^rength and value of the liquor. The test, however, as 
made only took into account the volatile ammonia, and the point 
when neutrality «vas reached was anything but easy to determine. 

It is therefore much better A adopt the modern method of 
distilling for total anjfnonia, which will shortly be described, and 
multiply the result by 4.61, when the result will*be the accurate 
ounce strength. • 

Generally speaking, the ounce strength is, rpughly, about 
double the °Tw. strength; but it wilfcbe readily seen that with a 
substance so variable in its composition as ammoniacat liquor, 
such a statement can only be taken as being very approximately 
correct. 

Total Ammonia *—For the purpose of testing the total 
amount of ammonia present, the apparatus shown in Fig. x, 
in the preceding chapteif may be employed with advantage. 

10 grammes of the ammoniacal liquor to be tested is care¬ 
fully weighed on the balance, in a small beaker, and transferred 
to the flask, a. A little water is added, 15 c.c.’s of the norm^ 
sulphuric acid are placed in the flask, e, and a littl* water also 
added. About 10 c.c.’s of strong sodium hydrate solution are 
then njn throu;fh the separator, b, and this then rinsed out 
with water. The reminder of the operations arg'them exactly 
the gkme hs in testing for ammonia in the" sulphate ofmmmonia. 
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tjie only difference being ..in "the calculation. The following 
example will make things clear and will also give the necessary 
calculation:— 

io grammes ammoniacal liquor taken. 

C.C. 

Normal acid used 15.p 

Normal sodium) 1 

hydrate used / 

Difference . 12.9 x 0.017 x 10= 2.193% NH 3 

present in the sample. 

Instead Of weighing the 10 grammes, xo c.c.’s may be measured 
from a ptpdyte—care being taken that the capacity of the pipette 
is as shown ,on it, or a suitable correction made—and the result, 
will then require a correction as follows :— 

The result will require to be multiplied by 1000 and dividing 
by the specific gravity of the liquor (this being obtained by 
taking the strength shown by the hydrometer, multiplying by 
5 and adding 1000). 

Example 

10 c.c.’s ammoniacal liquor taken showing 5° Tw. at 6o° Fahr. 

I C.C. 

Normal acid taken 15.0 

Normal sodium) 
hydrate taken / ' 

Difference . 12.9 £ 0.017 xio = 2.193 grammes 

NH 3 in .the xo c.c. 

Specific.gravity 5 0 Tw. x 5 + 1000 ■= 1025: 

2.193 x 1000 4- 1025 = 2.139% NH 3 present in sample. 

Volatile Ammonia. —Tte test for this is made in exactly the 
same iflanner as for the total ammonia, except that in this case 
no sodium hydrate solution is added to the contents of flask, a. 
Care should be taken that no soda is left in the flask from*-a 
previous distillation. Common hydrochloric acid (spirits of 
salts) will be found very useful for cleaning out the flasks. 

Fixed Ammonia. —By subtracting the volatile ammonia 
from the total ammonia the amount of fixed ammonia is readily 
obtained. 

c Sulphuretted Hydrogen. —To test for this substance a solution 
of ammonia-cuprous sulphate is required. This is made by 
dissolving, say, 25 grammes of pure copper sulghatp in nearly a 
litre of water anebadding ammonium hydrate until the precipitate 
first formed'^ re-dissolved and then making up the solution To 
exactly (Sae htre. 
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To standardise this solution, ttike.20 c.c.’s of it and precfpi- 
tate the copper with potassium hydrate (the quality known as 
“pure by alcohol”) solution. Transfer this precipitate on to 
a filter paper and thoroughly vfesh with distilled water until 
neutral. Then dry the precipitate on the filter. Tare a porcelain 
crucible and ignite the precipitate o # ver it, transfer the ignited 
precipitate to the crucible and igarite at a low heat for some time, 
adding a single djop of pure nitric acid to the ash. Cool under 
a desiccator and weigh again. The difference will be the weight 
of copper oxide (CuO) present in the 20 c.c. 

Grammes CuO x 32-5-20-5-79.1?, = value per c.c. of the 
solution expressed as equivalent to sulphur hi the H 3 S. 

Jn obtaining the tare by the above method,'a dryTilter paper 
should be burned and ignited in the crucible in the slime manner 
as the precipitate is treated, and included in the weight of the 
crucible. # 

To test for H 2 S in the ammoniacal liquor, 10 grammes are 
taken, placed in a porcelain evaporating dish and diluted with 
a little water and a little .88o’s ammonia. The copper solution 
is placed in a 50 c.c. burette and slowly run into the liquor in 
the evaporating basin until the precipitate formed begins to 
coagulate and a very slight blue colour is observedOfor a slight 
distance round the edge. The number of c.c.’s used is then 
read off, x by* the value per c.c. x 10, and the result is the 
percentage of sulphur present in the liquor as H 2 S. 

Example 

10 grammes of ammoniacal liquor taken. 

Copper sulphate solution required 15.5 c.cex .0032 (value 
per c.c. of solution) x 10 = 0.496% sulphur as H 2 S. 

The other substances present in ammoniacal liquor are not 
so easy for the beginner to analyse* and a full descrigtio'Vi of 
them would take up too much room in our handbook. Should 
the reader desire to make a complete analysis of the constituents 
of the liquor, he is referred to the fortieth report of the Chief 
Inspector under the Alkali, etc.. Works Act, for the year 1903, 
pages 31-39, where Mr finder gives full particulars for the 
necessary work in a very clear and concise manner. 

Sulphuric Acid .—This is a. liquid of heavy density having 
the following formula:— • 

Hp 0 4 , 

which combines with many bases, forming a series of well-dgfined 
salts. Jo tile fouch it has a somewhat oity feel, hence its 
popular name of “ oiHif vitriol.” It is«intensely # fiorr^ive and 
mus^therefore be handled with care. . 
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It is made from four different sources of sulphur, viz.:— 

(a) Native brimstone or Recovered sulphur. 

(b) Spent oxide. 

(c) Pyrites. 

Of these the sulphuric acid rfiade from native brimstone or 
from the “ recovered sulphur ” from the alkali process .is 
best, but it is too expensive for sulphate of, ammonia making 
and is used only for laboratory purposes or for other purposes 
where great purity is required. 

The acid made from spent oxide is very suitable for sulphate 
of amiponia manufacture, and as most sulphate of ammonia 
manufacture are more or less intimately connected with the 
gas industry, they will no doubt have a leaning to that source 
which is connected with that class of works. 

The acid made from pyrites is generally known as “ stone 
acid,” and^is divided into two qualities, viz.:—de-arseniated and 
ordinary. ' So long as it is fairly free from arsenic it is suitable 
for the manufacture of sulphate of ammonia, but- should arsenic 
be present in appreciable quantity, the sulphate of ammonia 
produced from it is of a more or less brown colour, and does not 
usually sell at so high a price. 

Each k : nd of acid is supplied in three different qualities, 
viz. :— 

(a) R.O.V. (rectified oil of vitriol) or D.O.V. (double oil of 
vitriol), both names being used for the same quality 
of acid. 'This quality of acid < ! s prepared by 
heating in either reVorts or dishes and is the com¬ 
mercially pure article. It has,,a specific gravity of 
1.845 taking water as 1.000, this being equivalent to 
169° Tw. at 6o° Fahr. This quality is too expensive 
to use in sulphate of ammonia manufacture. 

-(b) B.O.V. (brown of of vitriol). Where acid has to be 
a purchased this is the quality of acid that is usually 
used in the manufacture of sulphate of ammonia, in 
order to save carriage. In winter it is usually supplied 
of a strength ranging from 1.720 to 1.730 specific gravity 
(144 0 to 146° Tw. at 6o° Fahr.), as if it exceeds the 
higher strength its liability ,o freeze is much greater. 
In summer the usual strength supplied ranges from 
1.730 to 1.740 specific gravity (146° to 148° Tw. at 
60° Fahr.), as at that season there is no danger from 
frost. 

,<c) Chamber acid. This acid generally ranges in strength 
from about 1.500 to 1.600 specific “gravity fioo 0 to 
120° Tw. at 60° Fahr.), and if the sulphate of ammSnia 
Ms made in fhe works where the sulphuric acid S ; s also 
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made, this is a very convenient form in which to use 
it, as it saves the cost of concentrating the acid to th* 
B.O.V. strengths. * . 

A table will be found in the Appendix giving the percentage 
of real acid contained in dilute acid of the various strengths. 

The acid supplied to. the su^ihate of ammonia manufacturer 
i§ usually of a brown colour, and«if placed in a glass jar in small 
quantities, the best acid shows only a very slight trace of this 
colour. It should be fairly clear and should not show more 
than a minute trace of nitrous compounds. 

Lime .—As mentioned under the hi ading of “ Ammoniacal 
Liquor ” the non-volatile ammonias present require the addition 
of lime in the form of milk of lime, as well as steam, in “order to 
expel them from the liquor. For this purpose thee water has 
■used lime from Silverdale, in the Furness distriat, from the 
Skipton district in Yorkshire, from the Buxton district, from 
the Clay Cross district in Derbyshire, and from the Dudley 
district near Birmingham, and no doubt many similar limes 
may be obtained in various parts of the country. The lime 
supplied from each qf the above districts is very similar in 
quality, and the following analysis (made in the laboratory of 
the Nechells Chemical Works, Birmingham) may be taken as 
typical of any of them : — 


Total lime (estimated as CaO) (of this quantity 
* 92.4% represents the quantity actually exist¬ 
ing as fj|0, this being tite effective portion) . 
Iron and alumina . . # . 

Silica ........ 

Water and carboti dioxide , 

• • 


93-4 

•94 

1.14 

2.52 


100.00 


The analysis of lime is rather bejfcnd the tyro in chemistry, 
but should he desire to try, he is referred to more pretentious 
books than the present one for full particulars. 

" The sampling is somewhat difficult, and should be carried 
out in a manner similar to that in which a truck of coal is sampled 
for experimental purposes. As a truck of lime is being emptied 
a little should be broken off a lump occasionally and a fair pro¬ 
portion of any small that may be present added. When the 
whole of the samples have been drawn they should be intimately 
mixed and about a bucketful r< moved, the rest being discarded, t 
The bucketful should then be broken up into small lumps, 
intimately i*ixed and about x lb. taken, the rest again tieing 
discarded. This pou^d should then be coareely ^ground in a 
mortar, again intimatelv mixed and £bout 4 9unc»5 taken. 
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and ground to very fine powder. This will then be the sample 
for analysis. Even after &11 these precautions have been taken, 
it may happen that, through* an undue proportion of unbumt 
lime having been included, thp sample does not fairly represent 
the bulk, and may be very misleading to the purchaser. The 
writer remembers a case wherej after taking all the above pre¬ 
cautions, a sample showed only about 65% of CaO, whereas 
there was every reason to believe that the bulk was of tfie 
average quality, containing about 92% of CaO. 

Fortunately there is a very ready method of ascertaining 
the approximate purity of the lime being used, viz.—to weigh 
the lumps of undissolved lime removed from the lime mixers 
and to'‘calculate the % they represent on the lime used. 
During period of six months, in the works with which the 
writer was ^connected, this undissolved lime represented 2.25% 
of the lime used, and during another similar period 2.30%. In 
ordering the lime it should be specified to be best hard burnt 
and hand picked, and should the proportion of insoluble lime rise 
much above the quantity indicated above, there is just cause 
to complain that the lime is insufficiently burnt. 

If lime is kept for some time and 'allowed to “ fall ” its 
efficiency for sulphate of ammonia manufacturing purposes is 
decreased, - so that it is obvious that it should travel in well- 
sheeted trvfcks and be stored under cover in a dry place. 

If too much alumina is present in a lime there will be a 
tendency to its becoming pasty and not travelling so faf down 
the still, thus tending to choke up the still more rapidly and 
also not liberating the non-volatile ammonias'so readily. 



CHAPITER JII 

PLANT REQUIRE^ FOR THE MANUFACTURE OF SULPHATE OF 
AMMONIA : GENERAL DESCRIPTION—SUPPLY OF AMMONIACAL 
LIQUOR—TACHOMETER—SUPERHEATERS 

We will now proceed to describe the plant which is accessary 
for the manufacture of sulphate of ammonia. / . 

The frontispiece shows the plant in use'at the Wrexham 
gasworks. This plant includes provision for Sealing with 
the waste gases either by purification by passing through an 
oxide of iron purifier or, as an alternative, burning them in a 
Claus kiln and converting the sulphuretted hydrogen into 
sulphur, also a settling tank to remove the bulk of the spent 
lime before the waste liquor is allowed to enter the sewej. 

It will be seen that this plant consists of a suitable tank for 
supplying the ammoniacal liquor to the still, a superheater 
for heating the liquor previous to its entering the still, the still 
with its liming arrangements, the saturator, the condensers 
for further coding the waste gases after leaving the superheater, 
so as to enable the oxide of iron purifier or the Claus kiln to deal 
effectively with them, suitable tanks for storing and supplying 
the sulphuric acid, a draining table for the sulphate of ammonia 
a* it leaves the saturator, suitable storage accommodation in 
which tp, allow the sulphate of ammonia to rdnain and drain 
until it is fit to be packed into bags for delivery, a mother liquor 
tank to collect the drainings from the sulphate of ammonia 
and thus enable them to be work*] up again, a seal pet to 
prevent the escape of live steam with the waste liquor, S settling 
tank to remove the excess of solid material before the dear 
iffaste liquor is allowed to enter the sewer, and, of course, a 
suitable steam boilar for raising the steam necessary to effect 
the distillation of the ammoniacal liquor and to supply the 
motive power to work the necessary pumps and injectors for 
the plant. 

Ammoniacal Liquor Supply.—A very efficient method yf 
supplying the plant with ammomacal liquor, where the buildings 
are adapted for its erection, is to provide a cast-iron tank 
sufficiently ^higlj to supply the ammoniacal liquor to the still 
by gravitation.- Such a tank can readily.be erected upon 
girders placed upon tne walls of the building, aryl should be of 
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<■• C '■ 

sufficient capacity to hold several hours’ supply. If this tank 
if square or oblong and a float is connected with a gauge placed 
inside the building, it afford* a ready means of gauging the 
supply to the plant, and the a^nmoniacal liquor can be pumped 
up to it at suitable intervals. To prevent the escape of am¬ 
monia it is desirable that such fytank should be covered in. A 
suitable covering consists ^of 3-inch planks joined with hoop 
iron tongues, and bolted to the sides of the tank. A smafcl 
opening in this cover should be left, say a circular hole with a 
short length of cast-iron flanged pipe bolted over it, to allow 
for vent when pumping into or feeding the still from the tank. 

In cases where such a tank is provided it is desirable to 
place a ''.mall regulating tank on the pipe before it enters the 
superheat A, this tank being controlled by a ball-cock, care 



Fig. 2.—Tachometer. 


being taken that this ball-cock and its float are made of iron, 
as the ammoniacal liquor speedily acts upon copper or brass. 
Suck a regulating tank is j laced at a sufficient height above the 
superheater to feed by gravitation, and on the pipe connecting 
the base of this regulating tank with the base of the superheater 
is placed a cast-iron gland cock to regulate the supply. If>a 
quadrant is attached to this cock it is of considerable use in 
regulating. (We would point out that cocks intended for use 
on ammoniacal liquor should have glands sufficiently deep 
to take at least two rings of packing, and if the taper of the plug 
(s somewhat great it greatly facilitates the prevention of sticking; 
and consequent trouble in opening and shutting the cocks.) 

In cases where a tank such as has been described cannot 
readily be erected, the ammoniacal liquor may , be pumped 
directly from the underground or other storage tank into the 
base of the superheate;. When this is done, great care should 
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be taken to see that the pump wyks very steadily,.as any 
irregularity of working leads to," high ” waste liquor samples 
and consequent heavy waste of ammftnia, if the pump is working 
too quickly, or in the reverse c&e, when the pump has slowed 
down, to an excessive quantity of steam and lime being used 
unnecessarily. % 

, An instrument of considerate ilse in regulating the speed 
of this pump is the tachometer shown in Fig. 2, made by Messrs 
Schaffer & Bucfenberg, Limited. This little instrument is 
worked by means of a light countershaft, a pulley on which is 
run by a light belt from the flywheel of the pump, and a second 
pulley and light belt connecting the countershaft to the pulley 
on the tachometer. On the shaft of the tachometer fs a small 
but heavy brass ring, and the greater the speed at wlich this 
• shaft is driven the greater will be the tendency oi this ring to 
assume a vertical position. As the ring moves the motion is 
conveyed to the pointer on the dial and also to a second lever 
bearing a pen, which records upon a revolving druffi the speed 
at which the pump has worked during the whole of the twenty- 
four hours. It thus pot only indicates very accurately, to the 
man in charge of the plant, the speed at which the pu^np is 
working, but also registers any irregularity, and enables the 
manager to take the matter up with the defaulting party. 

Superheaters .-—In a sulphate of ammonia plant the super¬ 
heater is used bo raise the temperature of the ammoniacal liquor 
previous to its entering the still, thus economising fuel and 
also increasing tie capacity of the still to deal with the liquor. 
For this purpose the waste gases%om the saturator are utilised, 
aqfl as it is necessarv that these gases should be cooled in order 
to fit them for the further treatment mentioned later on, it 
will be sSen that a double object is achieved by the* use of a 
superheater. _ 

The form commonly used is show#, in Fig. 3 (page 18). ,The 
reader will see that it is practically the familiar “ battery ” 
condenser, erected vertically. It consists of a shell and per¬ 
forated horizontal plates of cast-iron, fitted with wrought-iron 
tubes, the joints between the ends of the tubes and the perforated 
plates being made by expanding the ends of the tubes in the 
usual manner. 

The ammoniacal liquor enters the bottom chamber, a, 
through the tube, b, rises through the wrought-iron tubes to 
the middle chamber, c, then through the second set of wrought* 
iron tubes to the top cnamber, d, whence it oveifflows alonjf 
the pipe, e, to the top chamber of the still at a tempe^ture 
approaching 20d p Fahr. The waste gases from the saturator 
enter the pipe, /, afte^passing through a baffle tox svffich arrests 
anyjacid spray mechanically carrie 4 forward. *TI((§e baffle 
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boxes usually consist of a short tube of large diameter, lined 
\tith lead, and in the cavity thus formed a number of circular 



Fia. 3.—‘Vertical Superheater. 

perforated lead discs are placed, against' r which the wet ga$a* 
impinge.V The condensings from the baffle box are led^back 
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through a trapped tube to the .saturator. After entering .the 
superheater the gases play upon thfe outsides of the wrought- 
iron tubes in the chamber, g, theft along the pipe, h, through the 
chamber, i, where they again play upon the outsides of the 
wrought-iron tubes and finally leave along the pipe, j, on their 
way to the condensing plant.!. 

The liquid which condenses in the chambers, g and i, from 
the waste gases is of a very disagreeable nature and is known, 
somewhat appropriately, as “ devil water.” This is led away 
to a suitable seal pot, such as the one shown in Fig. 4, and 
then dealt with as described later on. 



As there is a certain amount of*expansion and contraction 
in starting up and stopping the plant, fears have been expressed 
that this would speedily lead to serious breakages in the wrought- 
irbn tubes, but during nearly ten years’ experience with them 
the writer experienced very little trouble through this cause. 
However, to meet the difficulty, Messrs Clapham Bros., Limited, 
introduced an improve?! form of superheater in which the 
bottom ends of the wrought-iron tubes are secured to the bottom 
perforated plate by a nut on the top side of the plate and another 
underneath the plate. The iops of the tubes pass through 
stuffing boxes, packed in the usual manner. This removes any 
fear of the Jube§ being injured by expansion or contraction. 

In works where ^fair amount of room is* a viable for the 
'sulphate of ammonia plant, an efficient superheater may be 
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f /° m an old-fashioned egg-ended boiler or a disused steam 
P 01 }? T fro ™ "; hlc 5 have been removed and the dpeningiL 

m the e?ds Suitably blanked up. Inside, a coil is formsd of 
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2-inch or 3-inch wrought-iron pipes, the connections beihg majjje 
with malleable iron double bends, Such an arrangement is 
shown in Fig. "5. In Figs. 6 and 7 are shown sketches of these 
double bends used in the works with which the writer was 



connected, and the sizes given are found to be vefy convenient 
ones. They jre cheaper and more durable than wrought-iron 
bend?. 

In the pipe Jeading from the superheater to the still, it is 
desirable to place a socket for a»thermometer, in order that one 
may be inserted, as the information furnished from this source 
i * of considerable ust in regulating the working. 



CHAPTER IV 


PLANT REQUIRED FOR THE MANUFACTURE OF SULPHATE OF 

ammonia ( continued ): walker’s, colson’s and davis’ 
STILLS 

A GOOD tjqfcal circular still is shown in Figs. 8, 9 and 10 (pages 
23, 24, 25). It is made by Messrs C. & W. Walker, Limited, 
and consists Gf a number of cast-iron sections, the joints some¬ 
what resembling those of spigot and socket pipes, the whole 
being brace^ together by a number of long vertical bolts. 

The joints are made of “ Vulcan ” (sometimes locally known 
as “ Scotch ”) cement, liberally mixed with hemp gaskin (spun 
yarn) put up-into short lengths, the whele being thoroughly 
mixed up into a very stiff putty with boiled linseed oil. If this 
putty is carefully made it will be found to be a very effective 
jointing material, and steam may, if necessary, be turned on as 
soon as the joint is made. In cases where the joint blows it 
is usually found that the putty has been made toe thin. < 

Underneath the nut at the top of each long vertical bolt 
is inserted a strong spiral spring. These allot, for expansion 
and contraction in starting and stopping the plant, and if care¬ 
fully adjusted they act as very effective safety valves, as if the- 
pressure gets too high they would allow the top to lift,, a little 
and the joint to blow. 

The ammoniacal liquor enters the still from the superheater 
along the pipe marked a in'Fig. 8, fills the top chamber to the 
level of the overflow pipe marked b, flows down this into the 
-second chamber and similarly through each succeeding chamber 
until, as waste liquor, it reaches the outlet in the bottom chamber 
of the still. ' By the time the liquor reaches the liming chamber, 
c, the bulk of the volatile ammonia has been driven off by the 
steam. Into this chamber the milk of Lme is pumped through 
the pipe, d, and mixes intimately with the ammoniacal liquor in 
ttys and the succeeding lower chambers, and thus, with the 
, sjeam, effects the liberation of almost the whole of the remaining 
ammonia. ' 

Thr bulk of the steam enters the still through the pipe ip 
the bottom chamber, marked e. Just after filtering the chamber 
a tee is placed“on the pipe and in each branch is screwed a semi¬ 
circular pipe perforated.<sn the side facing the centre of*the 
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chamber with a considerable number yf small holes, thus dividing 
up the steam into a number of ^mall jets. The steam pas#s 



Tio. 8.—C. & W. Walker Ammooiacal Liquor Still. 

upwards through ttie liquor in this ibottom chamber (being 
presented from passing away with# the .waste’liquor by the 
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intervention of a seal pot pr other suitable device in the waste 
liquor pipe), gathers in the upper portion of the chamber, passes 
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workmen a “ crocodile ”), is divided .into a very large ftumBer 
of small jets, which pass through the liquor just beneath its 
surface and carry with them the amnfonia, etc. This is repeated 
chamber by chamber until the sfeam and gases issue from the 
top of the still through a bafljp box, h, of similar construction 
to that previously described (pfcge 17), to the saturator. The 
qpndensings and any spray earned forward mechanically are 
automatically returned to the still through the syphon pipe, i. 

A second steam supply, j, similar in construction to that 



of lime with the ammoniacal liquor, as to directly assist in the 
liberation of the ammonia. 

Fig. 9 shows two chamber-- of the still drawn to a larger 
scale and Fig. 10 a plan of one of them. The referenees in,these 
two plans are the same as in Fig. 8. 

' The jibs,*A, sltowr^in Fig. 10 defleci tne siegm upwards ana 
prevent the jets from the teeth of the different pqftions of the 
distributor playing against each other, while the small blocks, l, 
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assist iit the setting of therdistributors in position when erecting 
the still. 

It will be noticed that the overflow pipes in the chambers’ 



Fig. ii.—C olson Still. Section of Chambers. 


are on alternate sides, thus obviously causing a longer flow of' 
the liquor and consequently a more efficient contact with the 
steam. - 

A central rod passes through the still on which a number of 



blocks and the steam distributors are threaded* B^the/emoVhl 
of the top box, m, axd the insertion of*a, screw arrangement 
proyidedtby the makers, the rod and its appendages can be ^dsed. 
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the idea being to provide a ready means of temporarily cleanup 
the still, but as it was not found to york very satisfactorily, in 
the later types of stills it has b^pn superseded by much more 
efficient arrangements. 

The still shown in these drawings is 18 feet 2j inches high 
in the ironwork and 4 feet internal diameter. 

• About the time that this still*was placed upon the market, 
several others vwsre introduced by various makers. They 
differed from the Walker type chiefly in the method of joining 



Jthe sections, in the shape of the steam distributors, and in the 
arrangements of their overflow pipes. 

•In Figs. 11 and 12 (page 26) the still invented by the late 
Mr Alfred Colson, of.the Leicester gasworks, and manufactured 
by Messrs Ashmore, Benson, Pease & Co., Limited, is shown. 

As is the case with Mfessrs C. & W. Walker’s still, this also 
Consists of a number of cast-iron sections, but instead of a spigot 
and socket arrangement and a cementing material for the joints, 
'in this case in the top of each section there is a square groove,, 
a, in which fits a ring made of square india-rubber cortl, standing 
above the Mtrrounding metal. The joint is made by cutting 
the. ends diagonally . and cementing them together with the 
solution used for repairing punctures in* bicycle tyres. If the 
’groo-Je is painted with blacklead (graphite) made up with water, 
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¥ 0re inse rti0 n of th» india-rubber, it much facilitates the 
«Hn°ic a vJut ^ e . cor , d , when ^his requires to be done. The whole 
stiU is bolted together with vertical bolts passing through lugs 
on the top and bottom sections', but these bolts are not provided 
With spiral springs, as is the case*with Messrs C. & W. Walker’s 
still, nor are they made Jong 'enough to receive them. The 
makers would no doubt be quite willing to make them longh¬ 
and to provide the spiral springs if requested ,to do so, and the 
writer would strongly recommend this being done. 



The steam distributors, b, known as "roses,” are shaded 
somewhat like a mushroom and have a ring of holes on their 
under surface to divide the steam into a large number of jets. 
They slide over the steam and gas pipfe and a slight turn locks 
them by means of a “ bayonet catch.” 

, In one set of trays the liquor overflows, c, are larger and 
,.central in position, and in the alternating trays they are smaller 
and placed'near the circumference of the still, d. By this 
the liquor is very nicely distributed and very effective contact 
with the steam is secured. „ ' . 

In Figs. S3 and (pages 27, 28) are shown details of the* 
still supffted by Messrs Bavis Brothers. In this still the sections 
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have planed flanges and are bdlted, together, the cementftig 
material being either the familiar mixture of red and whire 
lead or the “ Vulcan ” cement previously mentioned. 

The steam distributors are of* somewhat peculiar shape and 
are known as “ spiders.” Thar teeth (not shown on the draw¬ 
ings) are square in shaoe. The«distributors are bolted down to 
the trays as shown. The liquor«ovefflows alternate in position 
a£ shown. 

This still was*practically the first column still to be intro¬ 
duced into this country and is made in sizes from 2 feet to 6 feet 
n diameter, making from five to forty tons of sulphate of 
.mmonia per week from 10 oz. liquor. . 

Though the various types of stills described in t'^f^hapter 
tave been at work for many years they are still working very 
ifficiently, their chief drawback being that they* are not so 
:onvenient to clean out as those of more recent type. 

' The length of time they will run without cleaning qjit depends 
:hiefly upon the composition of the ammoniacal liquor used 
ind the efficiency of its decarbonisation before entering the 
iming chamber. Thg writer’s experience in Sheffield s some 
.rears ago with stills made by Messrs C. & W. Walker, Limited, 
was that they ran about twelve or thirteen weeks between 
leaning out and cleaning out again, the stills running con- 
inuously without stoppages during the whole of the time. 

When the ^ill requires cleaning out it is necessary to take it 
to pieces, and for this reason it is desirable, when first erecting 
the still, to iral^ provision for this being done by leaving a 
space sufficiently large to pile the sections in column as close 
to the permanent site of the still as possible. Over the centres 
of 'the permanent site and the temporary one a»steel H girder 
should fixed sufficiently high above the top of the still to 
give ample allowance for the length of the blopks and sling 
chains used in lifting. This girder should be fitted with travel¬ 
ling blocks, a very suitable form of which is made by Messrs 
Herbert Morris, Limited. The sections are most easily lifted 
bji a ring, to which is attached two chains, the outer end 
of each chain being terminated by a strong hook. In the case 
of Messrs C. & W. Walker’s still these hooks are slipped into 
the two hand holes of the section. In the case of Mr Colson’s 
still the ring is provided with three chains and the chain hooked 
round under the catches of the steam pipes. 

In taking a still to pieces for cleaning purposes, the top is 
lowered and run to one side, the sections are then lowered and® 
placed upon each other in vertical column, and the distributor 
placed on one side, ready for cleaning. The bqjtom section will 
not require to be removed, as it can be cleaned m siiu, but where 
the Ijittom ring and the bottom plate .are not in one piece it is 
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always, desirable to re-make £he joint. The sections are care- ' 
Killy cleaned, as are also the distributors and pipes, and they 
are then put together again.' It is desirable to make one man 
responsible for the work; andfhe should see that everything is 
before the next tray is lowered, as it is obvious that the 
omission of anything will lead,-to endless trouble and expense 
afterwards. ' , 

In erecting a still it is necessary that each tray should Be 
quite horizontal, as any deviation from this is*u fruitful cause of 
difficulty in working the still, as it affects the seal and consequent 
flow of the liquor down the still. 

In erecting a Messrs C. & W. Walker’s still, the most con¬ 
venient S;me to insert the central rod is just after the liming 
chamber has been placed in position. 




Aant required for the manufacture of sulphate of 
ammonia ( continued ): recent types of stills—colson's, 
Wilton's, walker’s, combination, wyld and shepherd’s 

From our remarks in the preceding chapter it will be gathered 
that the chief objection to the earlier single colunyptype of 
stills described therein was the difficulty connected wiili leaning 
,them out. As a rule the volatile or “ free ” portion of the still 



would run for two or three years without cleaning out at all, 
the choke usually taking place in the liming chamber and the 
three or four chambers immediately below it. In the earlier 
single column stills, in order to ^lean out these choked chambers' 
it is necessary to remove the whole of the volatile portion 
chamber by chamber before the defective portion can be reached, 
thus caftsing a considerable amount of ijnneceSsary work. To 
overcame this difficulty the first important improvement was 
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to*6rect the " volatile ” chambers upon one base and the " fixed ” 
fiiambers upon a second one, the liming chamber being placed 
at the base of the former series (in which case suitable manholes 
are provided, through which { it may be cleaned in situ) or at 
the top of the latter series, Sjuch an arrangement is shown 
in the still in Mr Colson’s plant in Fig. 15 (page 31), and when 
room permits similar arrangements may be obtained in t^e 
various other makers’ stills. 



We will now proceed to consider «;wo types of stills which, 
while they retain all the advantages of the earlier types, also 
provide most efficient methods for effectively cleaning them 
out with the whole of the chambers in situ. .< 

The fint of these is supplied by the Chemical Engineering and 
Wilfon’s Patent Furnace Company, Ltd., and is shown in Figs. 16 
and 17. The apimoniacal liquor enters the still from the super¬ 
heater, aloiw the pipe, a (Fig, 16), and passes from chamber ten 
chambe; in the usual way until the one marked b is reached. 
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when, instead of passing through tlje overflow, /, the* liqtfor 
descends through the pipe, c, by gravitation to the liming still, #, 
and passes back to the liquor still, *mixed With milk of lime, 
along the pipe, e, and then desceims in the usual course through 
the remainder of the still, leading by the waste liquor valve, 
which will be described in the Siext chapter. The position of 
p^e, c, is rather lower than shown fn our sketch, in order to 
compel the liquor to take that course in preference to rising and 
overflowing over the overflow pipe, /. At g is shown an efficient 
form of safety valve for an ammoniacal liquor still. 

Fig. 17 shows the chief characteristics of this excellent type 
of still. The overflow pipes, a, are Vefy large, and thus run 
much longer without making up, and when they dorfffi^ke up 
they are easily cleaned out after removing the lid which covers 
•the opening, b. The man-lids ^re removed from the.opening, c ; 



Fig. 17.—AVilton Patent Ammoniacal Liquor Still. 

the distributor, d, taken out, cleaned, and, after the chamber is 
cleaned out through the openings, replaced; the lids are replaced 
in position, and the still is ready to resume work, the whole wprk 
of cleaning being done in a few hours. The drawings speak 
for themselves, and to those accustomed to stills the advantages 
are so obvious that no comment is necessary. 

In the second type of still, made by Messrs C. & W. Walker, 
Limited, and shown fh Figs. 18, 19 and 20, the same desirable 
ends are equally well accomplished by a somewhat different 
method. This still consists of square cast-iron sections, and 
the whole of the front and back plates, a, are removable, thus 
enabling the distributors, b, to be withdrawn, and the chambers* 
cleaned in situ. The overflow pipes, c, are external, and as 
the outer portion consists of a removable flange, d, it is obvious 
that cleanina them out is an exceedingly simple process. * 

The Chief objection to the employment of wrought-iron or 
steel boiler plates in the construction of stills has befti that some 
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Constituent of the warm, craw ammoniacal liquor has had a very 
destructive effect upon thgse materials, but the writer’s expen- 



Fio) 18.—C. 4 W. Walker Still. Fig. ig.-C. & W. Walker Still. 

, f * 

e 

ence is th^t by the” time the volatile gases are given off nils 
iujurior.s action is reduced to a negligible quantity. £ln the 
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works with which the writer was recently connected this know* 
ledge was taken advantage of and* a still (used, however, for a 
rather different process than sulphate of ammonia making), 
was designed and constructed, consisting as to the upper or 
“volatile” portion of a Colson^; still, and as to the lower or 
“ fixed ” portion similar to a steam boiler. Such a still, modified 
to#uit the purpose of sulphate of hmmonia making, is shown in 
Figs. 21 and 22. Ifhe lowest chamber of the Colson’s, or rather 
cast-iron, still requires to be 
somewhat modified by hav¬ 
ing a suitable flange on the 
bottom to bolt to the angle- 
iron riveted round the top 
of the wrought-steel section, 

£ud its liquor overflows, a, 
lengthened to be sealed in 
the contents of the liming 
chamber. The lower portion 
of the still is made like a 
steam boiler, and is divided 
into chambers by horizontal 
plates, either dished like a 
boiler end or they may be 
secured to the shell by 
means angle-irons. The 
liming chamber and the 
bottom chambe Jke each 
4 feet in height, the other f,g. 20.—c. & w. walker stm. 

chambers 1 foot 9 iaches 

each. Manholes are provided on each side of the* still yirough 
which the distributors are withdrawn and the men enter to 
clean out the still. If the bottom of the manholeris placed a 
little above the liquor level it assists nfeterially in reducing tile 
dirtiness of the cleaning operations, as by removing the plug, c, 
tKe liquid contents of the chamber run to the one below aqd 
finally escape through the waste-liquor pipe. The overflow 
and gas pipes are of .light cast-iron, but wrought-iron pipes 
and flanges could be substituted with advantage. The dis¬ 
tributors, d, are made t>f sheet-iron (a new departure), 
the corners being turned over and riveted, but the writer 
thinks a neater job would be made by using narrow angle- 
iron to rivet to. To proven‘ them overturning when at 
work there is a bar of flat iron 'under the gas pipe* through 
which a vertical bolt passes, and after passing through the top 
of the distributor ft is secured by a nut, having two handles 
attached to it for convenience of manipulation. This arrange¬ 
ment is#hown at e. If the still is well washed down by ptmping 
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f i . 

swater down it, and the inan lids removed, cleaning out is done 
without much difficulty., »_ 

An entirely new type of s^ill construction is shown in Fig. 23. 
This shows the patent still introduced in 1907 by Messrs W. 
Wyld & Shepherd. (British patent, 8317/07.) This still 
consists of a number of square cast-iron sections forming the 
shell, but the interior of the' still is not divided into chambers 



Fig. ax.—Combination Still—“ Volatile ” portion, c 3 $t-iron ; “fixed” portion, 
steel boiler plates. 

* 

in the usual manner. Instead of this, there are small races, a, 
on the sides of the still, on which rest the very thin cast-iron 
plates, b. These are set at an angle and the distance apart 
regulated by the thickness of the small bosses, c, on the plates., 
Efcch row is placed at right angles to that below it. The liquor 
descends over these plates in a very thin'film 'and, meets,the: 
steam ant' gases ascending through the interstices, thus* en¬ 
suring^ very efficient tontact. Lime is admitted in afiout the 
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usual position in the still. The principle is a very ingenious 
one, and the writer hears that thjs still is working in a verf 
efficient manner. • 

A further new principle in still* construction was introduced 
by Mr W. Wyld in 1911-12. (British patent, No. 25,716, 1910.) 
This still is shown in Figs. 24 and 2J. In Fig. 24 a is a circular still 
haying its gas outlet at a 1 controlled *by the cock, a 2 , so that 
the requisite pressure may be maintained in the still. After 
passing . through Writable heaters, the ammoniacal liquor is 
forced in through the pipe, a 3 , and by means of the centrifugal 



spray nozzles, a 4 , is discharged vertically in the form of a misty 
film into the still. Owing to the fine state of division the liquid 
undergoes when leaving the nozzles, and assisted by a little 
Steam admitted through *he perforated pipe, a 7 , the gaseous 
constituents are immediately eliminated and pass out at a 1 . 
To prevent the liquid leaving at a 1 along with the gaseous pro¬ 
ducts, baffle plates, a 8 , or perforated diaphragms are arranged 
as shown. 

From the still, a, the liquor overflows along the pipe, a 5 , mto 
the liming chamber? b. Milk of lime is pumped in^o this chamber 
through tne pipe, 6 1 , and in order to keep it*thoroughly agitated, 
a Kttle # steam may be passed through the perforatecf pijje, 6*. 
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The whole then ovejfloiVs into the still, c, and is forced 
'through the centrifugal sprjiy nozzles by the pressure in the 
first still. In this still also there is a perforated steam pipe, c 1 , 
to assist the distillation. Tine waste liquor is finally pumped 
away through the pipe, c 2 . , 

In order to avoid putting so much pressure upon the still, a, 
vacuum may be employed ait the exit of the system in which, 
case the centre of the system would be worked at approximately 
atmospheric pressure. ‘ 

Instead of the single still, a, at the beginning of the system, 
a series of two, three or more may be used, as shown in Fig. 25. 
A perforated steam pipe (not shown in the drawing) is placed 
in each'still. 

Tne writer understands that this still has been at work for 
some time, giving very satisfactory results. In the event 



Fig. 23.—Wyld & Shepherd’s Still. 


of the choking up of a nozzle, provision is made whereby it can 
readily be removed and cleaned, but little trouble is caused 
through this occurring. 

Yet another principle in still construction is introduced by 
Mr G. Keville Davis ir*, his patent " Trepex ” ammonia still, 
shown in Figs. 26 and 27. The principle upon which this 
apparatus works is based upon creating a spray of the liquid 
to be distilled by mechanical means and passing the steanj and 
and vapour through this spray. The ordinary column still 
contains a number of sprays down which the liquid travels, 
and through the liquor lying on then the steam and vapour is 
forced to double. The mechanical spray provides a much 
larger area of contact between the liquid on the one hand and 
the gas on the other. ,' 

Referring to the illustration it will be seen that one form of 
th^ apparatus takes the shape of a square cast-iron chamber 
divided by iqeans of through partitions into compartments 
corresponding to ths trays of the column still. Through Jjlis 
chamber aire provided two longitudinal shafts which carry 
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fanners, marked F, and water lilting wheels, marked W. T^he 
latter work inside a guard, marked* G, the purpose of whi^h 
will be explained later. There Sre.thus one fanner and one 
water wheel in each compartment. The first sprays up the 
liquid lying on the bottom of, the apparatus, and this is just 



• _ 

level with the tips of the blades at their lowest point. The 
rapid rotation of the fanners causes a very fine spray to be made 
and thus exposes a very large surface to the action of the 
steam. The gas or vapour passes from chamber to chamber 
through.passages which are concentric with the fanners, and the 
position of the fanners is such that the tendency is by their 
• 



^Fig. 25.—Wyld's Still. 


rotation to draw the gases from one chamber to the next. It 
has been found that there i, occasionally difficulty in getting 
the liquor to flow through Such an apparatus, 8.nd for this 
purpose the water wheels are provided. They lift the Jiquor 
and throw*it against the specially shaped guard, G, and into the 
next chamber to the one in which the fanner wqjrks. The flow 
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of iiquor is therefore made absolutely positive and there is no 
danger of choking up of any kind. 

The first apparatus has now been at work upwards of eighteen 



Fig. 26.—Davis’ “ Trepex ” Still. 


months and has proved itself a more efficient apparatus than 
the old column still, besides being easier to work and requiring 
less attention. ^ “ 

In the case of small works where the quantity of ammoniacal 
hquor or the labour available do not warrant theunstafiation of 



Fig. 27.—Davis’ “Trepex" Still, 


a continuous plant, Messrs C. &"W. Walker, Limited, supply a 
veryueat little still shown in Figs, in and up, Chapter XIV 
which does not encroach upon the steam supply of the works* 
as it is heat«d by a coke or coal fire. * 








CHAPTER VI 

PLANT REQUIRED FOR THE MANUFACTURE OF SULPHATE OF 

ammonia ( continued ): liming apparatus 

'*> . 

From our previous remarks it will be seen that in order to 
liberate the “ fixed ” ammonias from the ammonr**al liquor 
It is necessary to add a quantity of lime in. the form known as 
" milk of lime.” We will now describe the apparatus neces¬ 
sary for dissolving the lime and introducing it into the still. 
The lime may be slaked by (a) waste liquor from the still; 
(b) hot water, or (c) cold water. Of these methods *the writer 
prefers the first-named, as by its use, should the contents of the 
still run short of lime at any time, on the spent (or waste) liquor 
entering the lime-dissolving tank and coming in contact? with 
the lime there, the smell of ammonia is so evident that it im¬ 
mediately warns the men in charge of the process of the con¬ 
dition of affairs, and enables them to take steps to promptly 
rectify it. 

It {^Scarcely necessary to point out that Jf the waste liquor 
is used for this purpose it should be taken off at a point where 
either the pressure or height gives sufficient force to supply 
the liming plant. The best places to obtain the supply are 
(i) the bottom chanfber of the still; (2) the pipe leading from 
this chamber to the seal pot, or (3) from the seal pot* itself. 

Methods (a) and ( b) are preferable to method (e), as it 
is obvious that the use of hot iqjlk of lime means a con¬ 
siderable saving of fuel compared with the cold method. In 
cases where methods a and b are adopted it is desirable to 
capy away the steam given off by means of hoods and wooden 
chimneys of the usual pattern. 

A typical liming’apparatus is shown in Fig. 28 (page 42), 
this being the one supplied by Messrs C. & W. Walker, Limited, 
with their sulphate of ammonia plants. The lime is slaked in 
the tank. A, and run through the tap through the screen, B, 
into the tank, C, whence it is pumped by the single ram 
pump, D, into the liming chamber of the still. The pump also* 
works the agitating arrangement, E, to prevent the lime settling 
down, and # thus,secures regular strength of the milk or lime 
and consequently steady working. The#screeif is f covered with 
wire gauze about i in. to A in. mesh ; and care must be taken 
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to .maintain this in good condition, as any holes allow small 
bitp of lime to go through,' and these give endless trouble in the 



clacks of the pump, thus leading to the still running short of 
lime and causing “ high ” spent liquor samples. 

Where a driving shaft is available, the lime-mixing arrange¬ 
ment’ shown in Fig. 29 (page 43) is found to J>e a very efficient 
one. The waste liquqr is run into the circular tank, a,' and the 
lime placed gradually on the perforated plates, b, the dissolving 
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the cock, d, and through the sdteei^ g, into the tank, e, whence 
it is pumped through the suctioji pipe, /, to the liming chamber 
of the still. In the tank, e, the contents are kept agitated by a 
similar arrangement to that in tank, a. 

In works where there is at supply of compressed air available 



Fig, 32.—'Wilton Patent Liming Apparatus. 


Elevafion. 


the lime pump may be replaced by an elevator such as is usually 
used for the elevation of sulphuric acid. . / 

Such an arrangement is shown in elevation in Fig. 30 and in 
sectional elevation in* Fig. 31. The milk of lime enters the 
automatic elevator from the supply tank by gravitation through 
the pipe marked a in Fig. 31, the supply being controlled by a 
cast-iron cock placed in this pipe. Its return is prevented.by 
the valve, b. As the olevamr fills, the float, c, gradually risai, 
and by means of a rod attached to its upper end, when the 
elevator as full, it opens a valve in d, which admits the com- 
pressSd air from the pipe, e, which fcjrces the milk of lime up 
the pipe, /, to the liming chamber of the still. *As the elevator 
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empties the float gradually falls, and when the elevator is empty 
the rod doses a valve on the air supply and opens a valve ip d 
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which releases the pressure and fopns a vent to allow 4 he 
elevator to refill. In fixing these.elevators it is desirable to bjtve 
the pipe, f, as nearly vertical as pdssible to its full height, in 
order to prevent “ air-locks.” If a quadrant is placed on the 
supply cock in pipe a it will fcssist materially in the regulation 
of the supply. * 

A very efficient complete patent liming arrangement is 



made by the Chemical Engineering and Wilton’s Patent Furnace 
Company., Ltd., and is shown in Figs. 32, 33 and 34. The lime 
slaking pan, a (Figs. 32 and 33), is provided with a division wall, 
b, and wire cages, c. The solid lime is put into these cages agd 
is slaked by means of some |jcnt liquor obtained as previously 
mentioned. The solution is agitated by the steam jets, d. The 
heavy sand froqj the lime remains behind the division wadi, and 
is blown 8ff about once a day, or whqp necessary. The milk 
of lime passes over the division plate, and enter# the pump by 
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gravitation through the pipe, 'e, the speed being controlled by 
tin cock, /, and its return to,the tank, a, being prevented by 
the check valve, g. As the pump fills, the float, h (Fig. 30), 
rises, and when the pump is f&ll the rotary valve, i, is thrown 
over and admits the steam to the. body of the pump at 7. The 
steam blows the lime out of the pump body past the check valve, 
k, and thence into the plaftit. uAs the pump empties, the float 
drops and finally pulls back the rotary valve, i, which shuts 



off steam and opens the exhaust, allowing the pump to again 
fill with the milk of lime. The advantages claimed for this 


l) The steam pressure does not affect the speed of the 
pump. " 

(2) The pump when once adjusted continues to work at 
absolutely the same constant rate. 

(3) The speed is governed by the cock,/, on the lime inlet 
and not by the steam valve, as is the case with ram 

. pumfps. 
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(4) The body of the pump ft nqf machined, and there <are 
no working parts in contact with the lime, therefore 
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writer would deprecate, a# it is bound to lead to irregularity of 
siSoply. It is obvious that at the time of pumping there is 
likely to be a large excess land, consequent waste) of lime, while 
a? the time approaches for a fresh 
charge there will be a scarcity, 
and consequently “high” spent 
liquor. r 

It cannot be too strongly im¬ 
pressed upon the workmen that not 
only is it necessary that a certain 
quantity of lime should be put into 
the still in the twenty-four hours, 
but that it should be put in steadily 
during the whole of the time. 

Another drawback to the in-- 
termittent supply is that if the 
milk of lime is colder than the 
contents of the still, it leads to a 
sudden cooling of the latter, a 
quicker rush, of liquor through the 
still, 'and insufficient steam to secure effective distillation. 

To those whose experiences, like the writer’s, has been con¬ 
fined to laijqe works where the above facts have been looked 
upon as the most elementary truths of sulphate of ammonia 
manufacture, it comes as a great surprise to learr that Jhere art 
many works (chiefly .of the smaller kind) where the important 
of the steady supply has not been realised, and the writ 


F««d from Pump 



F«*d from Pump 



Fig. 38.—Another Shewring Lime Feed. Ork at 


thinks that the thanks of the community are due tue inlet 
Shewring for the manner in which, through the pages^h 
Gas World, 1 - he has striven to drive home these facts. 
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In cases where a pump is employed it should be driven by 
either steam or other power, and if when going at its slowafct 
speed it still pumps more milk of liirffe than is required, a small 
by-pass pipe and tap can be puf on the delivery pipe of the 
pump, and arranged to return the excess to the supply tank. 

A very simple arrargement to meet such cases is suggested 



• 

by Mr Shewring in The Gas World of 19th October 1912, and 
is shown in Fig. 35. % 

Another arrangements shown by Mr Shewring in an article 
in the same journal of 21st December 1912, now reproduced 
in Fig. 36. 

These figures show the arrangements so clearly that net 
further explanation is necessary. 

To avoid any chance of the pipe leading to the delivery 
pipe to the £till choking up, Mr Shewring has devised the two 
simple Uiit ingenious pieces of apparatus shown in Figs. 37 
and 38. But a very little attention by the, man m charge, in 
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pfobing through the short pipe occasionally, should remove 
Etsny difficulty in this direction. 

Messrs W. C. Holmes & Co., Limited, are makers of Mr 
Shewring’s continuous liming'devices. 

• Messrs C. & W. Walker, Limited, also supply a continuous 
limin g apparatus, embodying somewhat similar principles, and 
this is shown in Fig. 39. 



CHAPTER VII 



PLANT REQUIRED • FOR THE MANUFACTURE OF SULPHATE OF 
AMMONIA ( continued ) : WASTE LIQUOR VALVES, COOLfNG 
ARRANGEMENTS, ETC. 

On the waste liquor outlet pipe from the bottom of Jke still a 
cock is provided to regulate its flow, and to-prevent the Escape 
of any live steam with it a suitable seal pot is also inserted in 
the pipe run. Such pots are shown in Figs. 40 and 41 (pages 
54, 55), the former being sunk in the ground and the latter stood 
upon it in a convenient position near the still. If tht seal pot 
is inside a building or other place where the escape of steam 
is objectionable, a cover may be provided with a vent pipe 
to lead the steam away, as shown in Fig. 40, but where the escape 
of steam is not detrimental, an open pot, such as is shown in 
Fig. 41, assists in the cooling of the spent liquor. 

Instead of a seal pot such as we have just deSbribed, the 
spent liquor is occasionally led through a boiler arranged similarly 
to the superheater shown in Fig. 5, the heat (jeing used to heat 
either water o'- qjnmoniacal liquor passing through the coil 
of pipes, while the requisite seal is obtained by regulating the 
height of the waste liquor outlet pipe. This method, however, 
cannot be ‘highly recommended, as the lime sludge quickly 
deposits upon the pipes and renders them ineffective,#and the 
necessary cleaning is then a matter of considerable difficulty. 

A marked improvement upon th% seal pot arrangement is 
the substitution of a special valve, such as that shown in 
Fig. 42 (page 56). This valve is supplied by the Cnemical 
Engineering and Wilton’s Patent Furnace Co., Ltd. a is the 
branch attaching the valve to the liquor still, and b the branch 
leading to pipe or firough conveying the spent liquor to the 
cooling tank. The object of the valve is to release the spent 
liquor from the still without loss of steam. The valve will 
perform this work with any pressure on the inlet. As the 
liquor passes into the valve at. a the float, c, rises and draws 
up the plug, allowing tne liqqor to pass out. Immediately , 
the liquor has left the valve and steam enters, the float drops 
back and Hie operation is repeated. In practice the Stoat 
automatically takes up a position which allows the spent liquor 
to flow freely away as soon as it arrives at the: bottofc of the still. 
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IMhus removes the necessity for the constant supervision of 
thp man in charge of the still, and does away with the frequent 
trouble caused by the choking of the long seal pot. 

From the seal pot or automatic valve the spent liquor is 



Fig. 40.—Seal Pot. ( , 


conveyed along flanged pipes or an open trough of cast-iron, 
wood, or bricks laid in cement to the settling and cooling tank. 
Where the .escape of steam is not objectionable, the open trough 
is preferable, as it not only assists the cooling, but it is also so 
easil|y cleaned out. Where pipes are used they .will require taking 
up frequently for dealing purposes, so the advantage 01 flanged 
over socket jjipes for this purpose is obvious. 
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The requirements of the different local authorities diifer 
somewhat as to the condition in which they desire the spent 
liquor to enter the sewers, but a kittle friendly consultation 
will generally lead to an arrangement that will be agreeable to 
both parties. In one city known to the writer, where the 
general sewage is of a slightly acid character (through metal 



washings), the authorities allow the whole of the lime sludge 
to go into the main sewer along with the waste liquor, as it 
helps to neutralise the acid in the general sewage and renders 
it more suitable for bacteriological treatment, and they omy 0 
stipulate that the temperature shall not exceed fio° Fahr. as 
it enters rhe sewer. If it exceeds this temperature it «causes 
considerable inconvenience to the men, working in the sewers. 
In this case the spent liquor enters one of the qpry large main 
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servers of the city, throijgh Which there is a large quantity 
of e sewage passing, so that the chance of any inconvenience 
being caused by deposition of lime is a very remote one. In 
such an exceptional case as this a cooling tank, such as is shown 
in Fig. 43, is suitable. 



The tank has a concrete floor and the walls are' of brick- 
wprk laid in cement and sand. The pipes in the tank are of 
3-inch wrought-iron, and as they have to be frequently taken 
out for cleaning purposes, the desirability of having so many 
flanged joints is at once obvious. In this case«the sjjent liquor 
runs through thd pipes) while cold water is run into tHe tank' 
at the point ihown. The slightly-warmed water overflows at 
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From seal pot 


a point also shown, and if sufficiently pure in quality may be 
run to a suitable receptacle and then used for.feeding steam 
boilers of other purposes. ’ I 

Wljere, however, the sewer that the spent liquor ^nters is 
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of “but small area, or there is Wt a slow current through it, it 
is t bvious that the lime sludge would deposit, block it, and cause 
very serious trouble. In siich cases some means must be adopted 



to not only .cool the spent liquor, but also to retain the bulk of 
the lime sludge. An arrangement suitable for this purpose 
is shown in Figs. 44,45 and 46. This tank has a concrete floor, 
and the brickwork walls are laid in Portland cement pnd sand. 



Fig. 45.—Sectional Elevation on Line a-b. 


Tl\e spent liquor flows through the channels and is aerially cooled, 
the limf depositing along the channels and being retained by a 
weir near the sewer. The lime sludge is cleaned out from time 
to time, as required. 



Fig. *46.—Sectional Elevation on Li*e c-d. Sectional Elevation on Line e-f. 




CHAPTER VIII 


PLANT REQUIRES FOR THE MANUFACTURE OF SULPHATE OF 

ammonia ( continued ): saturators of various tyAs— 

HAND-FISHED, EJECTOR DISCHARGED, BOTTOM VALVE DIS¬ 
CHARGED 

0 * 

After leaving the baffle box described.in Chapter fV. the 
ammonia, steam and other gases from the still enter the saturator. 
This important piece of plant receives its name from the fact 



that here the sulphuric acid is saturated with ammonia gas in 
order to fym the sulphate of ammonia. A gaturator is also 
sometimes locally known as a " blowei*,” from the fact that 
the ammonia here blows into the sulphuric, acid. * 
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According to the method adopted for the removal of the 
suljfeiate of ammonia formed, saturators may be divided into 
three types:— 

(а) Those from which the sulphate of ammonia is removed 
by “ hand fishing.” 

(б) Those from which it is removed by means of a steam 

ejector, and 

(c) Those from which it is removed by means of a suitable 
bottom discharge valve. 



Again, they may be further divided into “ open ” or “ closed ” 
types, according to whether much or little of the liqmd contents ' 
of the saturator are exposed to the air. 
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The hand-fished saturators ot type (a) are necessarily of* the 
open type, those of type (b) may be either of the open or closed 
kind, and those of type (c) are genefally of the closed character. 

A simple type of open saturator suitable for hand fishing 
is shown in Figs. 47, 48 and‘49. It consists of a wooden tank 
formed of 9-inch x 2-inch rea-wood, securely bolted together 
^.nd lined with sheet lead 20 lbs. per square foot. The mid¬ 
feather, a, is offcast lead about £ inch in thickness, stiffened 
with border, b, and ribs, c, an extra one inch thick, as shqjm in 
Fig. 49. The" ammonia, etc., enters the saturator through the 



Fig. 49.—Hand-fished Saturator. Back of Flo. 50.—Plug and sSat for Add 

Midfeather. Tank. 


. pipe marked d. From the flange joint, e, this is made'of drawn 
lead pipe from 4 inches to 6 inches in diameter, according to the 
siie of the saturator. This pipe should be of the best soft chemical 
lead, as should all tfcs lead used about a sulphate of ammonia plant. 
The end nearest the fishing pocket, /, is bossed up by the plumber, 
and a lead flange of suitable size is cast and “ burned ” on the top 
end. A number of J-inch holes are drilled in the pipe in either' 
one or two rows, each hole being drilled at an angle so that the 
ammonia blows towards tin fishing pocket. In the iron pi^e 
which brings the gas to this lead one a f-inch h8le is drilled, 
and this is closed by the tapering wooden plug marked g» This 
plug is. re»novecf when the still is coolipg down after stopping 
the plant, to prevent the vacuum sucking back f^ie contents of 
the taturator. 
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The acid and mother diquor are supplied from two over¬ 
head tanks along lead pipes, the flow being controlled by either 
earthenware taps covered with, lead or regulus taps discharging 
into the small box, h. Provision should be made for shutting 
off the supply to these pipes at the tank end, either by regulus 
plugs and seats, as shown in Fig. 50, or by syphon box, as in 
Figs. 51 and 52. When the plugs and seats arrive the iron 
shaft in the plug will be found to be about 15, inches long, and 
this will require to be lengthened by welding on an iron 
rod of the requisite dimensions. The whole of the iron 



handle is- then covered with sheet lead and the joints care¬ 
fully “ burned ” by the plumber. Either -the plug and seat 
method or the syphon box method is suitable for the 
sulphuric acid, but the latter method Is most suitable for the 
mother liquor, as it frequently happens that the pipe requires 
washing through with hot water to remove crystals. Around 
the plug is placed a large pipe made from sheet lead, the bottom 
portion of Which is perforated with holes as shown in Fig. 50. 
This prevents bits of stick or dirt from getting into the pipe 
and taps. The provision of one of these methods is very neces¬ 
sary, as it enables any repairs to be done to the tap without 
emptying thedank. The pipe, i (Fig. 47), should be sufficiently 
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long to always remain sealed, otherwise offensive gases frill 
enter the atmosphere. 

In some works the mother liquor is fed into the saturator 
at stated intervals, and may then be elevated direct from the 



Fig. 5?. Fig. 54. 

Scoops for Hand Fishing. 


underground drainage tank to»the saturator by means of a 
regulus injector, but the writer much prefers, whenever posable, 
to supply it steadily and continuously as above described. 

The gases which are not absorbed by the sulphuric acid are 
of a aangerous and evil-smelling nature, and are led away 
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I 

frttn the saturator along the pipe marked j, to be dealt with as 
described in Chapter X. In this pipe also a J-inch hole is drilled 
and closed with a tapered^ wooden plug in order that the gases 
may be frequently tested with red litmus paper to see that no 
ammonia is escaping. ( 0 

As the sulphate of ammonia forms it flows down to the 
fishing pocket, from whence it is removed by means of copper 
scoops similar to that shown in Fig. 53, or py copper shovels 



Fig. 55.—Plate-lead Saturator for Hand Fishing. Side Elevation. 


like that in Fig. 54. In either case they- are furnished wrths 
long pitch-pine handles, and if the latter form is adopted there 
may be a small cross piece at the top*'of the handle similar to 
that on an ordinary shovel. 

Some of the neatest, most durable and efficient saturators 
kre made from plate lead, varying in thickness from iyV inch 
at the topi 1 to 2 inches at the bottom, stiffened by suitable 
brackets and bars and by external wood framing. Such a 
saturator, adap*ed for hand fishing, and made*by Messrs Joseph 
Taylor & Co, is shown in Figs. 55, 56 and 57. To those who 
have carefully followed the details of the simple saturator 







Fig. 56 — Platc-lcad Saturator for Hand Fishing. Front Elevation. 



Fig. 57—Plate-lead Saturator for Hand Fishing. Plan. • 
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already described, these more complicated drawings will not 
present much difficulty. 

The ammonia pipe divides into two branches and in the 
bottom takes somewhat of a horse-shoe shape. By this means 
it secures very efficient distribution of the ammonia gas in a 
large number of small jets throughout the whole of the bulk of 
the mother liquor. It is also made readily detachable so that 
it can be removed without damaging the body of the saturator. 

, The acid, mother liquor and waste gas arrangements are 
similar to those in the simpler form. 

One of the difficulties that the user of the saturator occasion- 



Fig. 58.—Cortin Improved* Automatic Ejectors for Saturators. 


#lly meets is the tendency for the sulphate of ammonia to fdrm 
?. hard mass of small crystals over the ammonia pipe, especially 
during the time the plant is standing. On. a nucleus thus formed 
rapid growth takes place until the pile is apt to reach 
above the level of the mother liquor, especially if the contents 
of the saturator have been worked down rather low. Such an 
occurrence is locally known as “ hogging,” and to prevent or 
remove it many manufacturers insert either hot-water or Steam 
pipes, ttf use once or twice k shift, and especially on shutting 
acwn the plant. A most efficient form of this arrangement • 
is shown in. the figufes now under consideration,, and other' 
uses of tljis useful pipe will be discussed in Chapter XI., when, 
dealing with the working of the plant. 
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With reference to the durability of this type of saturatof, 
Mr Taylor informed the writer in 1908 that one had been aft 
work in Bolton for seven years without any repairs, that one 
had been at work at Croydon for ten years and would then last 
another three or four years, wfcile one was still at work in 



Lancaster that was put in fourteen years previously, and one 
at Southport only a year less. 

The next type of saturator to Be considered is that in which 
the sulphate of ammonia is removed from the saturator toy 
means of a ,steam ejector, such as that, mad» ■ of regulus, 
shown in Fig. 58. There is also one shown in situ in jug. 61. 

The open type of this saturator is exactly the same ^s those 
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already described, except that the flat-bottomed pocket for hand 
fluffing is replaced by a well-shaped pocket such as is shown 
in Figs. 59 and 60 in order to give the sulphate of ammonia a 
lead to the ejector. 

We will now proceed to make acquaintance with the closed 
type of saturator. This is the most modern type, and though 
it possibly presents a little ihore difficulty to the mastering ( of 
its working by a beginner, its easier working afterwards, its 



greater freedom from smell and its great saving in labour 
compared with hand fishing, commends it to all practical-men. 

A circular saturator of this type, fitted with steam ejector 
and made of plate lead, by Messrs JosephTaylor & Co., is shown 
in Figs. 61 and 62. In closed srfturators, as there is not 
the open pocket in which tp observe the depth of mother liquor 
present, and from which samples for testing may be obtained, 
these requirements are met by the insertion of a “ seal ” pipe as 
shown. ‘ ' 

t The steam ejector may discharge either on to the draining 
table or into little^ corves similar to those usee} itj collieries, 
standing 0^1 or over a draining floor. More will be said on this 
.subject,in our next chapter. 
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Fig. 61.—Plate-lead Circular C> ^Saturator, with Steam lijeetor. 


The nexi type pf saturator to be considered is that having 
a bottom* discharge valve, and this type certainty most nearly 
approaches the ideal arrangement. 
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*- One of the earliest,, if not the earliest, was brought out 
nf, an y years ago by the* late Mr Alfred Colson, of Leicester, 
and though it has been in use for so long it still requires a lot 
of beating. It is shown in Fig. 63. The body consists of 
cast-iron sections lined with lead, the whole being securely 
bolted together. The valve (riot shown in our drawing) is ona 
of Mr Colson’s many inventions, 

A somewhat similar saturator made by Messrs C. & W. 
Walker, Limited, is shown in Fig. 64 (page 72), and a very 



Fig. 62.—Plate-lead Closed Circular Saturator, with Steam Ejecta’ - , 


elective valve for the bottom discharge made by them is shown 
in Fi g, 65 (page 72). 

Messrs Joseph Taylor & Co. also make this type of saturator 
in plate lead, and two of them in course of construction are 
shown in Fig. 66 (page 73). 

Some trouble is experienced at timds (especially through 
carelessness in starting up) through the ammonia pipes splitting 
along the line of the holes, and when this occurs it leads to locid 
alkalinity, discoloration of the salt and loss of ammonia. To 
obviate this, Messrs Williams & Fenner have introduced a patent 
external ammonia pipe (or “ cracker pipe ”), shown in Fig. 67 
(page 74). 

Through various causes, such as an insufficient supply of acid,, 
splitting of tlie ammonia pipe, “ hogging,” etc., if occasionally’ 
happens thtt a little ammonia passes the saturator, thus leading 



through fhe«fresh acid on its way to the saturatt>r it would be 
a very'desirable end to accomplish, and Herr Karl »Zimpell has 



















ig. 64. —Walker Self-dtsdiargiug Saturator. 



£io. 65.—Improved Discharge Valve? 
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made a vefy laudable attempt t<j solve the problem is this 
direction. His patent saturator (British patent, No. 23,379, 
1904) is shown in Fig. 68. The sulphuric acid enters through 
the pipe, a, fills the tray, b, afld overflows through the pipe, c, 
into the main body of "the saturator, d. The ammonia 



Fig. 66 .—Taylor & Co. Saturator. 


enters by the pipe, e, and is absorbed in the usual manner ig 
the main body of the saturator, d. Any that should escape 
passes with the waste gases under the serrated hood, /, and 
meets the incoming acid a second time in the tray, b, where it. 
is absorbed. The waste gases pass away up the pipe, g. 

While the main lines of this patent are very commendable, 
there Appear to the writer to be two grave defects in its con¬ 
struction. In the first place, the open-ended ammonia pipe is 
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almost certain to lead to local alkalinity, and this would-be 
likely to throw such a rtrain upon the absorption of Che upper 
chamber as wpuld more than neutralise any advantage gained 
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from it. This defect could readily be remedied by continuing 
it as a circular pipe round the inside of the bell near its base, 
securing it by strong straps to the bell, and piercing it wfth a 
suitable number of holes, blowing towards the centre. 

The sedond difficulty will be the matter of effecting any 
repairs in the upper chamber’of the bell, and it would be diffi¬ 
cult to remedy this and at the same time retain it as an integral 



by which steel plates may be coatet with lead to any thickness 
from about ., : v inch upwards, the union of the two medals being 
practically homogeneous. Such a material opens up many 
possibilities in saturator construction, and is well worth ^con¬ 
sideration by the makers. 

' • 



CHAPTER IX 


PLANT REQUIRED FOR THE MANUFACTURE Olj, SULPHATE OF 

ammonia (continued) : drying, storing, packing, etc. 

As the sulphate of ammonia forms in the saturator it settles 
down to the lowest point. In the case of the hand-fished 
saturatSr tftis is the fishing pocket, and from thence it is removed 
by means of the scoop or perforated shovel shown in Figs. 53 



Fig. 70. —Draining Table. Plan. 


and 54 in opr previous chapter. , It is then placed on a draining 
table such as is shown on each side of the saturator in Figs. 69 
and jo. This table is built of 9-inch x 3-inqh red-wood and 
placed on suitable supports as shown. The border <is 'formed' 
of 9-inch x 3-inch planks on edge, except across the end of the 
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fishing pocket. The whole is lined .with lead of about io.lbs, 
per foot strength, and the portion across the end of the fishing 
pocket is turned over that portion of the saturator to foftn a 
gutter to allow the mother liquoi*to drain back into the saturator. 



Fig. 71. 


To protect the lead, and also to facilitate the drainage of the 
salt, pieces of pitch pine, 3 inches X3 inches, the lower edges 
cut out as shown in Fig. 71, are laid upon the leaiftvorfc about 
a foot apart, and on these are placed pitcK-pine boards, 6 inches 
x 1 inch, and on these boards the salt is placed as it is fished 
out by the scoop. From there at suitable intervals it is thrown 
on to the floor of the sulphate store, and after striding there 
for some time for further drainage it is stacked on the heap in 



Fig. 72.—Sulphate of Ammonia Storeroom. 


the store. It is advisable to only stack the sulphate of ammonia 
across half the <j/idth of the store at a time, as by this®means 
one-hilf fe getting in condition for pac&ng, of may be packed, 
while the other half is being filled. 
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A section of a sulphate of ammonia store is shown in Fig. 72 
(pag;e 77). The floor is formed of suitable joists, a slope of about 
4 inches being given from the sides to the centre, and a si milar 
slope from back to front, to carfy off the mother liquor draining 
off from the salt. On these joist's are nailed i|-inch tongued 
and grooved flooring boards, care being taken to punch the nails 
well home, as even a slight projection of a nail head is sure to 
cause trouble later, by cutting a small hole through the over- 
lymg lead. On these boards is laid a covering* of about 8 lbs. 
lead, the edges being turned up about 2 feet against the walls 



Fig. 73.—Plan of Sulphate of Ammom'a'Storeroom. 

of the room to form a dish, the joints in all cases being carefully 
" bufned.” The Walls are then lined withal 1 -inch tongued 
and grooved flooring boards about xo feet high as shown, the 
upstand of the lead dish being between* these boards and the 
wall. The drainage from this floor passes through a 6-inch 
pipe to an open wooden trough lined with lead, which con¬ 
veys it to the mother liquor tank as shown in Figs. 73 and 74/ 
•On the lead door are placed pieces of pitch pine, 3 inches x 3 
inches^ as seen in Fig. 71, and on these are laid loosely red¬ 
wood boards, 6 inches x 1 inch. These need not be planed nor 
tongued and grooved, Is the mother liquor requires*to 1, drain ’ 
through the joints, and they have to be taken up frequently for 
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cleaning. The time that the salt wilkrequire to lie in store before 
being in fit condition for packing will necessarily vary somewhat, 



but if the draining floor is 111 ciean condition fi.e. free from 
crystals betweec, the draining floor and the l^ad), and me salt 
is in normal condition on leaving the sSturator, about three to 
four days should suffice. 
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Ip all cases the tanks lor the mother liquor should be of 
ample size, as nothing is more annoying than to find on starting 
the flant, or anything going wrong, that we are crippled by 
lack of storage room for this product. The total storage for 
mother liquor should be at least three times the capacity of the 
saturator. 1 



t When the salt is removed from the saturator by means of 
a steam ejector, the draining table is similar in construction to . 
those shown in Figs. 69 and 70, but in this case only one table 
is provided. .If the salt is discharged on to the floor of the 
draining table, the sides near the discharge pipe of the ejector 
are made much higher to receive the splash. 

Instead of the discharge taking place on to the flcfcir 'Of the' 
draining table.it may be made into corves similar to those used 
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in collieries, except that, as the wheels do not run upon r»ls, 
they are made with plain tyres. These are pushed under .the 
discharge pipe as required, and after being filled, are allowed to 
stand on the draining table for shine time to drain, after which 
their contents are emptied Either into the hydro-extractor 
(where these are used 1 or into* the store. In cases where the 
plant is worked both night and day, and a hydro-extractor is 
employed, it is scarcely necessary to point out that if sufficient 
corves are provided to hold the night production it will .save 



Fig. 77.—Suspended Electncally-dnveii Hydro-Extractor with Bottom 
Discharge. 


keeping a man to work the “ hydro ” during the night, as the 
day man can then oeal with the whole production. 

Where the levels suit, these corves may run along an over¬ 
head rail, as shown in Fig. 75. In this arrangement the running 
rail, a, is formed of 4-inch x |-inch flat-iron on edge, carried on 
hangars, b, attached to the roof timbers. The corve is swung 

in a r— I— , shaped handle and the corve is prevented from tipping 
over until required by the hinged catch, c. The men go along 
the gangway, d, to push the corves, tftid the handrail on 
stanchions, e, protects them. 
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«The draining table suitable for saturators of the bottom 
discharging type is shown in Fig. 76. The table is lined with 
lead, and covered with, the loose floor as in previous cases. The 
mother liquor in this case runs'on to the floor, a, which is lead- 
covered and dished, and is also'covered with the usual loose 
floor, from which it is conveyed tfy suitable means to the mother 
liquor storage tank. In cases‘where this draining table comes 
over the hydro-extractor for convenience in charging the latter, 
to prevent the drainage passing into the “ hydro ” the lead 



near the “ hydro ” end of the draining table is turned up about 
2 inches and the corners “ burned,” the drainage being led 
away to the floor below by means of a lead pipe, from 2 inches 
to 3 inches in diameter. 

The motlifer liquor which drains from the various draining 
tables and floors (except from those above the saturator level 
when it drains back into that vessel) is collected into the base¬ 
ment tank or tanks, and is elevated into the tank supplying 
the ^aturator, either by means of an acid elevator such as that 
already shown jn Figs. 30 and 31 or by means of a regulus metal 
steam injector. “ “ 

In cases‘where, either from limited storage room or other 
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f n a " Sl “• is desirable to get the .sulphate of ammonia packed 

to bags as soon as possible after being made, the most ex- 

ext d rac 0 tors m M h0d L° f drying S#lt * that b T means of hydro¬ 
extractors (also known as fentrifugals various forms of 

which are shown in Figs. 7 > to 81. They consist eSfally 



Fig. 79-—Suspeitled Direct Steam-driven Centrifugal. 

? ast -ir°n circular vessel inside which is a copper 
basket the sides of which are perforated with a large number 
-f b ° e , s ' Tbis basket is "rilled to a convenient depth 
^ t “. tbe , sul b bate of ammonia raked in from the draining table 

+Ln P rl fr ^" h u C , orves ' The moto t or steam.engine is 
then started'and the basket revolves at a very high speed thus 

by centrifugal force, forcing the salt against the sud^s of the 
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basket and expelling the moisture through the holes in the 
basket into the outer casing, through the outlet of which it 
finds its way on to the drainage floor beneath. The time 
required to effect this drying will vary according to the con¬ 
dition of the salt as put into file “hydro,” but will usually 
range from 2 \ to 4 minutes. The most suitable time must be 
fixed by experiment, basing ft upon analysis of the moisturj 
in the dried sulphate of ammonia ascertained as directed in 
Chapter I. Fig. 77 shows an electrically-driven hydro-extractor 



Fig So.—Patent Self-balancing Centrifugal (“ Weston " Type) Swan-neck Pattern. 
« 


made by Messrs Thomas Broadbent & Sons, Limited, and Fig. 78 
shows a section through the same. The copper basket is shown 
at a while b is the discharging door secured by the bolt, d. 
The salt is discharged through the shcfot, c, e, while the mother 
liquor escapes through the pipe, /. The height of the standard, 
g, is altered according to the requirements of the situation, 
•The discharging arrangements can also be readily modified to 
suit the surrounding plant. "Fig. 79 shows the steam-driven 
type made by the same firm, the internal arrangements being 
similar to the one already described. Fig- 80 shows a form 
made by Messrs Watson, Laidlaw & Co., Limited,‘and Fig. 81 
one of the types manufactured on the Continent. 
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*An ideal arrangement of saturator, draining table, “ hydro,” 
etc. 1 ; is shown in Fig. 82 (page 85), and from practical experience 
with such an arrangement the 'writer can highly recommend it. 



Fig. 83.—Simon Patent Automatic Sack-filling and Weighing Machine. 


The shoot from the “ hydro ” may lead directly to the 
hopptr of an automatic weighing machine or the mouth of a 
bag holder, but this is an arrangement that does not commend 
itself to the,writer, as he finds, from experience, that if the 
salt is bagged immediately after leaving the “ hydro ” k sets 
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very hard in tfce bags, and leads to frouble and tearing of^he 
bags in subsequent handling for shipment. • 

If the salt is allowed to stand a short time at the base of 
the shoot from the “ hydro,” and is then turned over to a heap 
it is a great advantage, and packing from this heap may begin 
a few hours after the salt is placed there. 

• In packing the sulphate of ammonia, machines are supplied 
which hold the hag and automatically cut off the supply when 
the contents of ‘he bag reach a certain weight. Such a machine 



Fig. 84.—The “ PhneniK ” Patent Sack Holder. 


is shown in Fig. 83. This machine is made by Messrs 
Richard Simon & Sons, Limited. A machine to answer the 
same purpose has also l^en designed by Messrs W. & T. Avery, 
Limited. 

In cases where the sulphate of ammonia manufacturer 
desires to weigh on the ordinary sack-weighing machine, for 
the filling the writer strongly Recommends him to obtain one 
of the patent mechanical sack holders, and he can confidently 
say that anyone who has once used them would never dream 
of revesting to the old-fashioned method of helding the sack 
by hand. Not only do they save the services of theman holding 
the sack,' but also the loss of time caused by the “ filler ” having 
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to'tome to the assistance of the “ holder ” frond time to time 
to thake down the contents of the sack. Such a holder is made 
by Messrs Richard Simon & iSons, Limited, and is shown in 



Fig. 85.—Dunn Patent Sark Holder. 



Fig, 84. The bag is attached to the mouthpiece of the holder 
by njeans of a leather strap, which is rapidly tightened .up by 
means of a shc\rt lever. Another design for^accomplisjiing the 
same end, shown in Figs. 85 and 86, is made by Messrs Hattersley 
& Davidson! Limited, 
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The bags ufed for the packing of’sulphate of ammonia fire 
chiefly second-hand ones that have been used for the carrkge 
of wheat or sugar, and for greater security, of late years buyers 
frequently request that the salt shall be packed in double bags. 
In this case the smaller inner bag should be placed inside the 



Fig. 87.—Hatterel^ & Davidson’s Bag-Doubling Apparatus. 


larger outer one bejorc filling, as it is most difficult to do so 
afterwards. It is not easy to double the bags without the aiti 
of some mechanical appliance, 0 and for this purpose Messrs 
Hattersley & Davidson, Limited, supply the contrivance shown 
in Fig ,.87. A J-ece of home-made apparatus for the same 
purpose, died by the writer, is shown in Figs. 88 and 89. It 
is made of an elm board slightly narrower at the.fop end than 
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the smallest bag and tapering about 2 inches to )he bottom end. 
Jt w> slightly longer than the longest bag and is let into the base 
board with a tenon and mortice joint. Its edges are slightly 



Fir.. 88. 

A Home-made Hag-Doubling Apparatus. 


Fir.. 89. 


rounded. The base board is secured to the floor by coach 
screws, or if it is preferred to use the apparatus horizontally, it 
m a yb e < secured to the wall. The method of using is obvious. 

if the string used for the sewing of the bags is purchased 
re ?dy cut into 6-feet lengths, it will be found to be a convenience. 










CHAPTER X 


PLANT REQUIRED FOR THE MANUFACTURE OF SULPHATE* OF 

ammonia (continued) : the waste gases—conversion 

INTO SULPHURIC ACID—CLAUS PROCESS—OXIDE PURIFICA¬ 
TION, ETC. 

The gases from the still that are not absorbed by the sulphuric 
acid in the saturator are known as “ the waste gases.” They 
consist very largely of carbon dioxide, sulphuretted hydrogen 
and moisture, with a little pyridine, cyanogen compounds, and 
many other substances, the whole forming a very evil-smelling 
and highly-poisonous compound. They leave the outlet pipe 
of the saturator, and after passing through the baffle box«pass 
through the superheater, as described in Chapter Ilf., where 
they heat up the ammoniacal liquor to a temperature of about 
200° Fahr. When the waste gases leave the superlteater, they 
are still much too hot and damp for the subsequent treatment, 
so it is n^essafy to cool them still further. A simple form of 
apparatus for accomplishing this purpose is Shown in Fig. 90. 
A series of thm cdfct-iron pipes is led backwards and forwards, 
and over them is placed a 2-inch or 3-inch wrought-iron water 
pipe pierced on its lifider surface with small holc%. This is con¬ 
nected with a suitable water supply, and by means of* a cock 
the supply is adjusted to secure the cooling of the gases to the 
temperature of the air. 

A very efficient but more elaborate system of condensers 
•is shown in F'ig. 91 (page 93). This was used by the writer 
some years ago in a works over which he had charge and gave 
every satisfaction. It consisted of a series of three condensers 
of the battery type .arranged horizontally, each one of which 
contained 79' 2-inch tuljes. The waste gases were conveyed 
from the superheaters along a long length of 12-ipch cast-iron 
pipes and entered the shell of the top condenser as shown in 
the illustration. After passing downwards through the second 
and third condensers, they p:. sed through two sets of 3-feet 
diameter cast-iron pipes arranged as shown. At first these 
were filled with large pieces of Durham coke, but as this led to 
choking artd consequent back pressure the coke was eventually 
removed and the 3-feet pipes were worked without any packing 
whatever. The cooling was assisted by cold water which entered 
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tWe bottom battery condenser through a suii/lble valve, and 

after passing tnrough the two 
others it left the upper one as 
shown in the illustration and 
fan to a tank from which the 
steam boilers were supplied with 
water, thus utilising the heat. 
It must, however, be distinctly 
understood that the supply of 
water is not to be regulated 
by the amount of warm water 
required, the essential thing 
being to keep the gases at the 
outlet cool, even though some of 
the warm water has to be run 
to waste. If these gases get warm 
and they are used for sulphuric 
acid making (as will shortly be 
described) they will completely 
upset the working of that plant 
in a very short time. (The 
writer remembers a case in which 
the sulphuric acid chambers 
were in splendid working order 
at 4 o’clock, and, through the 
above cause, by 4.30 they were 
entirely depleted of available 
nitrous gases.) Along the whole 
route of 1 travel of the waste 
gases moisture is condensed and 
carries down with it a portion 
of the waste gases in solution. 
This liquid is technically known 
as “ devil water,” and on smell- 1 
ing it one f feels that it richly 
deserves its name. It is run off 
from the plant through seal pots 
similar to that shown in Fig. 4 
(page 19), care being taken to 
drain every point where there is 
any danger of an accumulation 
trapping the pipes. It may be 
led away to a closed tank suit¬ 
ably vented, and then pumped to 
mix with th^ ammoniacal liquor 
supply (in which case the production can be accurately gauged, 
and any leakage of water into it from a plant like that shown 
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in Fig. 91 rapidly ascertained), or it .may run straight to Uie 
ammoniacal liquor store, care being taken that the end of tne 
pipe is under the surface of the liquor. In any case it is pasSbd 
through the still again with the* ordinary ammoniacal liquor, 
and this removes a considerable amount of the smell, thus 
enabling it to go away with the waste liqum without causing 
ipore than a minimum of nuisance. 



After the waste gases are cooled and dried they may, be 
dealt with in one 01 three ways, viz.;— 

(1) Converted into*sulphuric acid. 

(2) Converted into sulphur by the Claus process. 

(3) Passed through an oxide of iron purifier. 

The whole of the writei's personal experience has been in 
large works where sulphuric acid was also made, and where 
the first method was therefore practicable, and where tfiis is 
the case ft is undoubtedly the most satisfactory method of 
dealing with these gases, as it not only entirely cen^oves any 
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nuisance caused by them„but by the sulphur in the sulphuretted 
hydrogen being used as a source of that material for the manu- 



Fig. 92.—Handling Waste Gases. 


facture of the shlphuric acid it materially decreases tf\e"cost of 
producing this acid. 
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The waste biases are burned in the, same kilns as the spent 
oxide or pyrites, the arrangements for conducting them into 
spent oxide kilns being shown in Figs. 92 and 93. 'Hie 
main pipe, a, is continued from* the cooling plant, and at a 
point near the kilns the tee pijfc, b, is inserted to act as a final 
catch for moisture. ' , 'his is e^^-ed from time to time, as 



required, through the tap, c. The gases pass into, each burner 
and each vertical section is controlled by a cast-iron cock d 
This cock is closed about half an hour before a spent oxide 
charge is charged in that section, and opened again about half 
an hour after the charging. The tubes below the tap will require 
cleaning out eVerv two or three weeks, and this is most Con¬ 
veniently c^ne whe^i the sulphate of ammonia pla*ht is standing 
A goo a help to cleaning them out is afforded by shaking some 
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cotton waste in paraffined igniting it in one e more of the 
crbsses of a section and afterwards cleaning the) pipes by means 
of'an iron rod with a small disc at the end. Of course the tap 
of the section is closed while this is being done. Finally, the 
plug, e, is removed, the cock, d, -momentarily opened and a tod 
passed right down as quickly as possible, then withdrawn, and 
the plug made good. The plugs are simply well screwed home 
and have no cementing material on them at all. 

In cases where the quantity of waste gas is small and it is 
desk able to concentrate the heat, the gas is led into the bottom 
burner of each series only. The little alteration necessary to 
accomplish this is obvious. 

There, are only three slight objections to dealing with the 
gas in this manner, the first being that every 34 lbs. of sulphu¬ 
retted hydrogen in burning produces 18 lbs. of water, which 
tends to reduce the strength of the sulphuric acid formed, but 
where the proportion of sulphuretted hydrogen compared with 
the spent oxide used is but small, this is not a serious matter. 

The second objection is that the C 0 2 in the waste gases 
takes up' a certain amount of the chamber space in the acid 
chambers ; but even with a large proportion of sulphuretted 
hydrogen the writer has had no difficulty in working with as 
low a chamber space as 16 cubic feet per lb. of sulphur per 
twenty-foui hours. 

The third objection is that on ammonia escaping from the 
saturators, or the gases getting too warm, they upset the working 
of the chambers, But in this case the remedy is obvious. 

These objections are very slight and scarcely worth mention¬ 
ing in comparison with the advantages to be gained by this 
method of dealing with the gas. In addition to the advantages 
already mentioned, the gases are of great assistance in increasing 
the temperature of the kilns, thus securing better burning off 
of the sulphur in the spent oxide and even making it practicable 
to use a spent oxide of low percentage of sulphur. 

The second method of dealing with the gases is that known 
as the Claus process. The writer has not had personal ex¬ 
perience of this method, but those who use it speak highly of its 
efficiency. 

The plant made by Messrs C. & -W. Walker, Limited, is 
shown in Fig. 94, and their lucid description of the plant and 
its working is appended :— 

( “ The plant consists of the following parts :—(1) A cast-iron 
atmospheric condenser for cooling the gases. (2) A dry coke 
scrubber, to eliminate any moisture remaining in the cool gases. 
(3) k kiln, lined with fire-bricks, and having a fire-brick grate 
on which rest lbose broken fire-bricks, and over this a-layer of 
hydrated ox'de of iron. (4) A cast-iron air inlet box attached 
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5 the upper portr .u,of the kiln, in which the air and foul gasi 
be fore fentering the kiln. (5) An air engine, with sd 
egulatwg blow-off valve, to give a regular and 'continue 
<1 
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supply of air to the kiln. (§) A depositing or settling chamber, 
made of ordinary brickwork, the portion nearest the kiln being 
lined with fire-brick. This chamber contains numerous transverse 
baffle walls, to retard the flow of gas and the finely-divided 
sulphur, and encourage the deposit of the latter. The chamber 
is covered with slate slabs, and the outer walls have numerous 
openings for cleaning out the deposited sulphur. (7) A scrubber 
filled with limestone, down which a small stream of water is 
constantly flowing. This scrubber arrests any sulphurous acid 
gas which may be passing away with the waste-gas.es from the 
depositing chamber. (8) An open purifier made of brickwork 
or cast-iron, filled with hydrated oxide of iron to arrest any 
sulphuretted hydrogen which may be passing away with the 
waste gases from the limestone scrubber. 

“Note.—T he two latter portions of the plant (scrubber and purifier) 
are not necessary for the perfect working of the process, but act as 
catch vessels in the case of careless working, or when by-passing the 
plant. 

“ The acidity at the outlet of the depositing chamber must 
be leos than three 3 grains per cubic foot. 

“ The action of the plant may be briefly described as 
follows ;—The hot waste gases from the saturator pass through 
the heater Of the sulphate of ammonia plant, and are partially 
cooled by the liquor before entering the still; they then pass 
through the atmospheric condenser, where the^ are_ cooled to 
the surrounding temperature. In cooling down, water is con¬ 
densed which contains a large percentage 0,* H 2 S, and is very 
liable to cause nuisance in the neighbourhood if discharged 
into the drain^. This water may be pumped back into the top of 
the stiK, and in passing through it gives off its H 2 S, which goes 
forward through the saturator and into the kiln. The water 
is then perfectly inodorojis, and passes away with safety into 
the drains with the spent liquor. 

“ The gases, after being thoroughly cooled in the condenser,.., 
pass into the air inlet box of the kiln, and mix with the air 
pumped in by the air engine. The mixed gas and air then enters 
the kiln at the top, passing downwards through a layer of 
hydrated oxide of iron, when the ordinary reaction takes place. 
The oxygen, of the air supply uniting with the hydrogen of the 
H 2 S forms water, leaving the sulphur to unite with the iron and 
form sulphide of iron, which is immediately re-oxidised by the 
air. This reaction takes place so rapidly that the whole mass 
of oxide is soon in an incandescent state; at this heat the 
sulphur produced by the reaction is volatilised arid passes with 
the other gases through the fire-brick grating at the_ bottom of 
the kiln, ir\fo the depositing chamber, where it cooL and settles 
down, pie water spray formed by the reaction is thrown down 
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into the debiting chamber, wher£ it drains away through the 
bottom brickwork of the side walls. The outlet gases from the 
depositing chamber pass through the wet limestone scrubber 
and the oxide purifier, amj then 
escape into the air perfectly freed / R. tube from exit 
from all noxious gas. „ *»< £— 

“ Should there, be an excess or 
deficiency of aif delivered into the [ IN j 
kiln with the foul gases, the outlet m to f|S[ [ • 
gas of the chamber will contain ’ { n/ =s, 

traces of sulphurous acid, or sul- Plug etc. CI 

phuretted hydrogen, which are 
taken up, respectively, by the 
limestone scrubber or the oxide 
purifier. 

“ The amount of marketable 
sulphur recovered should reach \ 

90% of the sulphur passing into ' 

the kiln, and be of a very pure \ 

quahty. • , 

“ The process may be carried 
on without any attention beyond rtspiraior 
what is required for the sulphate 

of ammonia making.” 5 

In ojder to test the exit from ^ 

the Claus process, an aspirator ^ 

(Fig- 95) is pjovided, made of jS 

sheet lead, 12 inches square and *5 

either 1, 2, or 3 »feet in depth. 

The + op is provided with a plug 
and socket, through the latter of 

which it may be filled with water,, ... 

also a short brass tube to connect _ 

with the absorption apparatus, [y i-asaaj " 

The bottom has a brass cock for k\| UW j 

running off. The front is provided |j " ■- 1 

with a glass tube to act as a W w- 

water gauge, so that, if less j Ijj \ /lj 

than the whole contents of , 

the box be run the neces- F, °' 95.-Arraratu S «rT«tin g E*it. 


sary calculation may be made. Two 8-oz. bottles- {ire 
provided wbh india-rubbe* stoppers and glass tubes inserted 
as shown. One end is connected with the aspirator, the bther 
with the exit from the Claus kiln. The bottles are charged 
with ic c.c. c r hydrogen peroxide (10 volunles quality) and 
water adied. The aspirator has previously been filled with water, 
and ->n turning on the bottom tap the quantity of w^ter r unning 
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out ^pirates the same quantity of ! gas through the hydrogen 
peroxide. After a suitable quantity of water has been run the 


Fig. 96.— -Walker Hydraulic Change Valve. 

bottles are disconnected and taken to the laboratoly, where 
their .contents are emptied into an evaporating dish, a -little 










PLANT FOR: MANUFACTURE OF SULPHATE ibi 

methyl orahge solution a<ided, and titrated with caustij soda 
solution, men tioned in Chapter I., each c.c. of which will represent 
0.6x7 grain. The result divided by the number of feet aspirated 
will give the number of grains 8 i acidity per cubic foot, estimated 
as equivalent to S 0 3 . * 

Instead of using the normal solution of caustic soda men¬ 
tioned above, a special solution of the substance may be made 
up by dissolving 100 grains of it in water and making up to 1 
litre. 1 c.c. of this solution will represent 0.1 grain S 0 3 . 

The last method of dealing with the waste gases, 3 hd that 
which is perhaps most suitable for works of small capacity, is 
that of passing them through the familiar purifiers charged 
with oxide of iron in a similar manner to that adopted with 
illuminating gas. As most of our readers will be more or less 
intimately acquainted with their working in the gasworks, a 
description of them would be superfluous. 

To prevent accidents when changing from one purifying 
box to another, it is necessary that a suitable valve should be 
used. Such a one, made by Messrs C. & W. Walker, Limited, 
is shown in Fig. 96.. 

The waste gases are of a highly poisonous nature, aiftl when¬ 
ever there is any chance of a man breathing them (as in repair¬ 
ing a leakage or cleaning out a portion of th(^ plant dealing 
with them) a suitable respirator or helmet, such as will be 
described in Chapter XI., should be worn. The method of 
dealing with a man affected by these gas^ is also described in 
a printed heet^mentioned in the same chapter. 



CHAPTER XI 


STARTING, WORKING AND STORTING THE PLANT—DIFFICULTIES 
IN WORKING AND THEIR REMEDIES 


At a convenient spot, as near the saturator as possible, should 
be fixed a small bench or broad shell, and on this should be 
arranged' th6 following articles :— 

Two lead cups, each about 2 inches diameter and the full 
height ol the hydrometers used. The first, which should have 
a handle similar to that shown in Fig. 97, is used for 
testing the strength of the sulphuric acid. The second may 
be similar and have a stout piece of copper wire attached to 
the handle, or it may have a long lead handle similar to that 
in Fig. c)8. This is used for dipping into the hot mother liquor 
in the saturator to secure a sample for testing. 

A single burette stand and 50 c.c. burette. (The bottom 
of the latter should have india-rubber tube and pinchcock, not 
a glass tap.) 

A 1 c.c. pipette. 

A porcelain evaporating dish about 4 inches in diameter. 

Glass rod for stirring. 

A wash bottle. 


A Winchester quart bottle full of caujstic soda solution 
cohtainingii8.i6 gfammes per litre. 

A bottle of methyl orange solution. 

A Twaddcl hydrometer No. 6 and one No. 7 for testing the 
strength of the sulphuric acicf. 

A Twa^del hydrometer No. 3 for testing the strength of the 
mother liquor. 

A book of red litmus papers (the kind on paper like writing- 
paper is the best; those on porous paper like blotting-paper 
being very bad to see). 

Starting and working the plant .—And Sow, having carefully 
examined our plant to make sure that everything is in its place, 
we are prepared to make a start. 


First, ascertain that all valves or cocks on the waste 'gas 
pipes,are open and the seal pot§ on this portion of the plant 
efficiently sealed with water. 

Draw out the small wood plugs shown on,, the saturator in 
Figs. 47 and 48, g and k (pages 59, 60). Place them wh?re they 
vf^J^e readily found when required a little later on. 



STARTING, WORKING, AND STOPPING PLANT 103 


Now run Sulphuric acid £om the* overhead tank to 
the saturator until the level is about 2 inches over the 
top of the horizontal portion of the ammonia pipe; then 
stop the supply. 

Run or pump ammoniacal liquor into the still through 
the superheater until it just shows in the water-gauge 
glass in the liming chamber, then stop it. 

Now pump water into the still by means of the lime 
pump until it sHows about 3 inches or 4 inches deep in 
the water- gauge glass in the bottom chamber of the still,' 
then cease. 

Steam is now turned on very gently in the bottom 
chamber of the still, and as the still gradually wane* up. 
the steam is slowly increased. To prevent any excessive 
pressure in the still, a suitable reducing valve is inserted 
in the steam pipe leading to the still, the outlet of which 
is regulated to about 20 lbs. pressure. 

While this is going 
on the charge of lime is 
put in the lime mijjer, 
so as to be in readiness 
when required. The 
quantity of lime re¬ 
quired will vary some¬ 
what according to the 
composifion of the am- 
moniacal Iquo^ but 
will rang\j approximately 
from about 2% cwts. to 3! 
cwts, pei 'ton of sulphate 
of ammonia produced. 

Thus a plant producing 
4 tons sulphate of am¬ 
monia per twenty-four 
hours would require 
about 12 cwts. of lime 
during that period, fed 
in in small quantities at 
the rate of £ cwt. ptr 
hour. The pump should 
run as slowly as pos¬ 
sible, and the quantitv 
of water or waste liquor 
used to slake the hme 
should be just enough 
tinuousiygoing. 


Fig. 97- 



Lead Cups. 


Fig. 98. 


to 


keep the pump* steadily an# con- 
Meanwhiie the heat will have been steadily* travelling up 
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:-the still, and after a time fa little steam will issue from the jjiug 
hole in the ammonia pipe in the saturator. Now insert the 
woid plug, tapping it firmly home. It will now take some little 
time to heat up the acid contents of the saturator, but as soon 
as this is done steam will issue f/oin the plug-hole in the waste 
gas pipe. When this takes place insert the plug and carefully 
watch the superheater. As Soon as heat begins to leave it;, 
turn on a little water to the condensers, regulating the quantity 
so as to keep the outlet gases quite cool. As soon as the super¬ 
heater is hot to the touch a little ammoniacal liquor may be 
turned on, the lime pump started pumping milk of lime into 
the still, all the steam turned on to the bottom chamber of the 
still and u little in the liming chamber. The quantity of 
ammoniacal liquor may now be gradually increased until the 
full quantity is reached, taking care that it is not done so rapidly 
as to cool the superheater. 

After the still has been working a short time a sample of the 
spent liquor may be drawn from either the sampling cock or 
the bottom water-gauge cock, the most suitable thing to draw 
it into being an iron saucepan about 4 inches in diameter. This 
waste 1 ’ liquor should be quite milky in appearance and should 
not smell of ammonia. If it does smell of ammonia it shows 
that there ig either too much liquor passing down the still or 
that there is insufficient steam on. The remedy is obvious. 
Next a little powdered lime is placed in the saucepan (a supply 
of this should be placed in a box in a convenient position) and 
a second sample of waste liquor run into it. ,Tf it did not smell 
of ammonia in the first test but now does so (and especially if 
the first sample did not appear sufficiently milky) it indicates 
that thqre is not enough milk of lime passing into the still. 
The remedy is again obvious. These tests should be made 
at frequent intervals. For more accurate tests of the spent 
liquor the reader is referred to the next chapter. 

We now return to the saturator. As the contents get hotter 
the motion increases, until, in the case of saturators of oped 
pattern, there is quite a violent swish from side to side, and as 
a considerable amount of condensation takes place in starting 
up, it is not unlikely that the contents iAcrease so much in 
volume that there is danger of them spldshing out. To prevent 
,this, sufficient is baled out on to the nearest draining floor 04 
into a mother liquor tank, and this is afterwards used up with 
the other mother liquor. From time to time the plug is withdrawn 
from the waste gas pipe momentarily, and a moistened red 
litmus paper held in the steam, care being taken to avoid breath-.- 
ing this gas, as it is very poisonous. If the litmus paper turns' 
blue it indicates that there is not enough acid in thevsdturator 
and some mere must be added at once. A test taken qf the 
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. contents of tHfc saturator at^tarting«would necessarily be the 
°Tw. of the acid, but as the ammonia comes into it, the °Tw. 
gradually decreases, and when it reaches the neighbourhood of 
6o° Tw, the motion in the contents of the saturator gradually 
steadies, a crystalline skin fomSs on the surface, and the sulphate 
of ammonia begins to drop to the bottom. As soon as the 
quantity warrants it, it is removed either by hand fishing, 
steam ejector, or bottom discharge valve to the draining table. 

A thin strer.fo of acid is turned on. The regulation of 
this is the most difficult portion of the learner’s task,'But a 
little experience soon makes it quite an easy matter. The 
•simplest method of regulating is by means of the hydrometer. 
By experiment it is found that a particular strengi it suits the 
individual plant (in one works the writer found that 54 0 Tw. 
to 56° Tw. suited well, while in another plant 59 0 Tw. to 61° Tw. 
was the most suitable range). An increase in the acid increases 
the density and vice versa. 

The most satisfactory way of regulating the supply of acid 
is by taking a sample of the contents of the saturator and 
titrating it for Fee acid, and we have found that an intelligent 
workman can easily do this. From the sample cup 1 t.c. is 
rapidly taken by means of the pipette and blown out into the 
evaporating dish, diluted with water and a little mgthyl orange 
added. It is then titrated with the caustic soda solution men¬ 
tioned at the beginning of this chapter and the number of c.c.’s 
taken redd off. x c.c. = 1% of free sulphuric acid. If the 
: contents of the saturator are kept between 3% and 8% very 
little trouble will be experienced. 

If the contents o 4 the saturator get short of acid a test with 
the litmus* paper of the waste gases will immediately ^hovs itt 
In very bad cases the salt assumes a blackish appearance as 
if mixed with blacklead, while, on the other hand, if the salt 
is too acid it assumes a peculiar sliitiy appearance, which soon 
becomes easily recognised. This latter salt does .not dry 
nearly so quickly on the draining table as the normal quality. 

We must now consider the method of dealing with the 
mother liquor that drains from the sulphate of ammonia as it 
is drying. It is collected in tanks and elevated either by means 
of steam injectors mafle of regulus metal, or acid elevators 
similar to those shown in Figs. 30 and 31 (page 44V to the over-, 
head supply tank near the saturator. 

Two methods of supplying it to the saturator are available, 
the first in a series of charges, tiffing up the saturator as full as 
may be conveniently done, adding a little extra acid and # t*hen 
stopping the simply of mother liquor entirely. This stops 
the making for a short time, gives the man in charge a little 
time for attending to other duties—getting his meets or having 
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E rpst. When maiung is .itcDuuicu uiaigt is giuuuou^ nuiscu 
down until it is as low as it is safe to go without ammonia 
esckping, and the process is then repeated. The writer does 
not recommend this method,' however, as it leads to irregu¬ 
larity in working, and he strongly recommends the alternative 
method of running in a small stream continuously. 

In addition to the mother liquor that drains from the sulphatf 
of ammonia there is that produced by the melting up of any 
dirty sulphate that is removed from time tb time from that 
portion of the drainage floors between the loose surface boards 
and the leadwork. This is most easily melted by placing it in 
a small wooden tank, lead lined, covering it with water and 
turning oft a small steam jet. (Care should be taken that this jet 
does not play directly on to the lead, or a hole speedily appears.) 
After cooling, the solution is syphoned over into a mother liquor 
tank and thus augments the supply. 

If the supply of mother liquor runs short a little may quickly 
be made by washing down one of the drainage floors with water 
from a hose pipe. 

In saturators provided with a steam .pipe such as is shown 
in Fifes. 55 and 56, the steam should be turned on at least once 
a shift for a few minutes, as this is a great aid in keeping the 
ammonia jypes clear, and not only produces better working 
but increases the life of the pipe materially, as a choke in the 
ammonia pipe is a fruitful source of splitting along the line of 
holes. M 

In order to secure steady and satisfactory working, it is 
necessary that the heat of the ammoniacal liquor having the 
heater for the still should be constant, aj\d in order to watch 
“this it ^ most •desirable that a thermometer should be inserted 
in the pipe leading from the heater to the top chamber of the 
still. This pipe is drilled and tapped and a small iron well¬ 
shaped socket is screwed In as shown in Figs. 99 and 100. In 
this well a little mercury is placed and a metal-cased thermometer, , 
as shown in Fig. 99, is inserted. Instead of this metal-cased 
thermometer an ordinary glass tube thermometer may be in¬ 
serted in the well through an india-rubber stopper, as shown 
in Fig. 100, but with this form there is a niuch greater liability 
to breakage. 1 

The ammoniacal liquor should be maintained at a tempera¬ 
ture of about 200 0 Fahr., but the exact figure is not nearly so 
important as that it should be constant. 

t If the method of intermittent charging of the mother liquor 
to tjie saturator ^>e adopted, it will be found that there will be 
a considerable drop in the temperature referred to above just 
after charging, and this drop in temperature generdiy causes 
a rather quicker flow of the ammoniacal liquor, bringing aboutj 
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COST OF MANUFACTURE OF SULPHATE QF AMMONIA 

Since ‘the first edition of this work was issued, the publishers 
and the writer have had several inquiries as to the cost of 
manufacturing sulphate of ammonia. 

This is a somewhat difficult question to answer, as so much 
depends upon the cost of carriage, labour, etc., that scarcely 
any two works are alike. While the writer cannot give figures 
in £, s. d. that could be taken as a useful guide, he purposes in 
this chapter to discuss the matter in such a manner that it will 
enable the reader, with his knowledge of the local conditions, 
readily to get out the information for himself. 

The- cost of production is best dealt with under the following 
heads, viz.:— 

. Materials required :— 

'Ammoniacal liquor. 

Sulphuric acid. 

Lime. 

Fuel.' 

Bags for packing the sulphate oi‘ ammonja. 

Wages:— 

, Manufacturing account. 

Repairs account. 

Material for repairs. 

General Expenses:— 

- Interest on capital. 

Rent, rates and taxes. 

Management, clerical work, etc. 

Depreciation of plant. 

Carriage of the sulphate, of ammonia. 

Materials 

r Ammoniacal Liquor —The method of ascertaining the number 
of tuns roughly required to make a ton of sulphate of ammonia, 
is explained fully Vi this work on page 136, Chapter XV. The 
value of the liquoF may be taken as that of “one’s existing con¬ 
tract or may ( be taken from the quotation in the current 1 numbers 
us ’ 
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of the trade journals, due allowance being made for any saving 
of carriage due to using up tfie liquor in one’s own works. 

In some works it is the custom to debit all the other expenses 
first, and then take the difference between that and the value 
of the sulphate of ammonia as»being the value of the ammoniacal 
liquor, the difference between the enhanced value and the price 
obtainable by selling as liquor representing the profit through 
‘converting into sulphate of ammonia. 

Sulphuric Acid. — As mentioned elsewhere (page 136, 
Chapter XV.) ton of sulphate of ammonia require*, ■about 
14.84 cwts. of the pure acid ( = 18.y cwts. at 144 0 Tw.) lor its 
. manufacture. The prices will be obtained from the nearest 
manufacturers. If the reader is a manufacturer sulphuric 
acid, Wt need scarcely point out the saving of carriage effected 
by using it on the works instead of delivering to customers, 
also the reduction in cost of production of the acid due to utilising 
the sulphuretted hydrogen in the waste gases from the sulphate 
of ammonia process as a portion of the source of the sulphur 
for the acid manufacture. 

Lime .—The quantity of lime required will vary with the 
different ammoniacaf liquors. Those containing the (greater 
proportion of non-volatile ammonias will, of course, take most 
lime. 

At one works with which the writer was conneftcd for nine 
years, the quantity required during those years averaged 2.95 
cwts. of lime per ton of sulphate of ammonia produced. In 
another works with which he was intimately acquainted, the 
average during fi\^ half-years was 3.12 cwts. 

Only lime of first-class quality should be used, such as the 
limes of i?he Buxtor?, Skipton, Silverdale, etc.* districts; lirqp 
of inferior quality has a tendency to choke up the still;?. 

It is obvious that here again carriage has much to do with 
the cost. 

Fuel .—During the nine years at the works mentioned above 
•the fuel averaged 20.39 cwts. per ton of sulphate of ammonia 
produced, but (except during the first year) the bulk of this 
fuel was only fine coke dust after all the better qualities Jiad 
been riddled out. It was augmented by coal only when supplies 
of coke dust ran out. 

At the other works the average during Uie five half- 
years was 10.77 cwts. per ton, but here coke of good qualitj? 
was the fuel. 

Unfortunately the writer has not figures available where 
coal is used as fuel. 

, Bags for the Sulphate of Ammonia .—They Dags usually used 
are second-hand wheat or sugar bags, thi former generally 
being th€ best. Some works fill just 2 cwts. net, in each bag, 
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while others fill to the full capacity of the bag. Strng for 
sewing the bags has also to be allowed for. Where double bags 
are required, the buyer usually pays extra coast. 

Wages 

Here again local conditions are very different. At one of 
the works referred to above the following men were employed 
when making about go tons of sulphate of ammonia per week :— 
loreman (about two-thirds of his time. on sulphate of 
ammonia ; remainder on sulphuric acid process). 

Three boiler firers (each on 8 hours’ shift). 

Six saturator men (each on 8 hours’ shift). 

Two lime pump youths (each on 12 hours’ shift). 

About seven or eight labourers on day only. The labourers 
would also assist at times in other departments. 

During the nine years the cost per ton of sulphate of ammonia 
produced averaged qs. 2d. for process account, and is. 4d. for 
repairs. It should be added that at the commencement the 
plant was new and cost notliing in repairs during the first three 
and a half years. At the other works the cost for the five half- 
years averaged 6s. 2fd. per ton for process account, and 4d. 
per ton for repairs. 

I should say that it is a few years since these figures were 
taken, and since then wages have been considerably increased, 
especially in the town where the lower figures prevailed. 

Materials for Repairs 

, , The, writer has no figures available for this, but the cost 
(unless the plant is remodelled) is not heavy. A plate lead 
saturator should last about twelve years and at the end of that 
time should yield about two-thirds of the original lead as 
scrap lead. 

General Expenses 

, Management .—In the works in which the writer spent nine 
years as superintendent or works manager he had a young man 
as assistant. Between us we took the management of the 
whole chemical works, including the sulphuric acid plant, drew 
" most of our plans and did the whole of our laboratory work, 
kept the process books and furnished the necessary reports to 
the chief office. • 

"The other .J.‘,£ical work was done jointly for the chemical 
works and adjoin ng gasworks, while the accounts were kept at 
the chief offices, i i the neighbouring city. ' . * 

At a small works he knows, the management is undertaken 
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t>y th* gas manager and cokg ovens manager jointly, both these 
undertakings ?nd others belonging to the same firm. The 
laboratory work is done by a young mail assistant, whose “time 
is only partly occupied in this manner. 

Readers will understand tfie other items of general expenses 
quite as well as the wnter. 1 - 


Carriage of the Sulphate of Ammonia 

Where the .vorks are situated in the centre of an"agricul- 
tural district, much of the sulphate of ammonia may be sold 
locally, but otherwise a considerable quantity is exported 
through the ports of London, Liverpool, Hull, Gobi- 'and Leith. 

In addition to the cost of the carriage to one of these ports, 
there will be the shippers charges for placing the sulphate 
t.o.b. (loading, sampling, re-weighing, etc.), also the broker’s 
commission (usually 1%) for se llin g 
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IL'-NUFACTURE OF CRUDE AMMONIA OR CONCENTRATED 
AMMONIACAL LIQUOR 

Since the- issue of the first edition of this work the publishers 
and the writer have been frequently asked to furnish similar 
particulars of other branches of ammonia manufactures. 
While we should like to be able to supply the manufacturing 
public with the information they desire, there are many reasons 
that prevent our being able to do so. 

The market for sulphate of ammonia is comparatively un¬ 
limited, the manufacturing process is a fairly simple one, 



and the manufacturers are most willing to assist each other 
in it. On the other hand, the market for many of the other 
products is a very restricted one and unlikely to expand, 
the processes are far more complicated, and in many cases the 
best processes are of a secret nature, so that the writer feels 
feat it would be unkind to his old friends to reveal them. 

. While this arplies to many'of the processes, there is, however, 
one process that lie feels at liberty to give particulars of, viz.:— 
the manufacture if crude ammonia, or, as it js sometimes named, 
concentrated aminomacal liquor. 

Under certain exceptional circumstances, this process might 
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be a Useful alternative to sulphate of ammonia manufacture, 
but the writer.would warn the reader at the very outset that 
the process is not as simple as it appears, and that many fliffi- 
culties will present themselves That can only be overcome by 
patient experimental work in each individual case, if it is 
intended to obtain anything like good results. 

. The plant is shown in Figs. 102, 103, and 104. A concrete 
foundation is put in, and upon this a low boundary wall about 
14 inches high is built of bricks laid in Portland cement, the 




whole iorming a tank to collect the water which is used for 
cooling the receivers, and passing it away either to the drain 
or to some place where its heat maf be utilised. 

The plant itself consists of the still, liming arrangements, 
etc., as in sulphate of ammonia manufacture, but instead of a 
saturator there are four or more boilers, known as the “ Catch ” 
crude receivers. Nos. 1, 2, 3, etc. (for convenience generally 
spoken of as C.R. 1, 2, 3, etc.). 

In works where a sftlphate of ammonia plant is in existence, 
it is desirable to make the connection from th* still in such 
a manner that by turning the tee pipe at the top of the stiff 
round it may be made to serve for either the sulphate of ammqpia 
plant or crude ammonia plant as desired. This arrangement is 
shown in Fig. 105. The pipe end not in uijfcdhould be cfosed 
with a blank flange to prevent smell. 

The delivery pipe from the still leads t< 3 £tli 3 “ catch,” and 1 
in,th’s case does not enter the boiler as a “ dip pipe.” 
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The “ catch ” and the receivers are made from old steam 
boilers, either the old-fashioned egg-ended or dish-ended types, 
or old Cornish or Lancashire boilers from which the tubes have 
been removed, and the ends suitably plated up. As the pressure 



Fig. 104.—Crude Ammonia Plant. Plar. 


r -#arely exceeds 10 lbs. per square inch, it is obvious that no great 
strength is required. 

The “ catch ” and each receiver is fitted with a suitable 
watqr gauge ma^ of malleable iron (brass will not be found at 
all suitable). Lac,;. is also fitted until a “ vacuumjvalve ” made 
of cast-iron and, sh^.wn at a in Fig. 103, and ip.full detail in Figs. 
106, 107, 108, and 'log. To attach these vacuum valves, a hole 
is cut in the end of the boiler, tapped, a nipple inserted, arcast- 
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iron c*>ck is attached, and fco this is fastened another' ninple' 
and a tee, as shewn in Fig. no. The vacuum valve is inserted 
in the lower branch ot the tee. While working, the presSure 
inside the catch or receiver keeps the valve closed, but when 
stopping the plant or pumping from it, vacuum forms the 
mushroom of the valve lifts, and prevents any syphoning’over 
{>i the contents of the receivers. When the vacuum is satisfied 
the mushroom drops and prevents any escape of ammonia 
In the upper branch of the tee it is desirable to place a pressure 
gauge. An eve., better arrangement is to reverse the position 


iQi 

. M 



of the tee, put the vacuum valve in the lower branch, and 
attach a syphon pipe to the horizontal one, to which is then 
connected the pressure gauge. By filling this syphon pipe with 
oil the life of the pressure gauge is considerably lengthened. 
It is desirable to remove, examine, clean, and oil the vacuum 
valves at frequent intervals, as there is a considemble tendency 
for them to rust or crystallise up ; hence the necessity for the 
cast-iron cock shown. 

The use of the “ catch ” is t <3 retain the usually weak liauor 
caused by the rapid condensation of the stead,ifhat comes from 
,he still, and thus enable the much drier rfts tp pass forward, 
to the receivers, lne weak liquor thus fofened may be used 
fos charging up the first C.R., but if more is fcfrmed than is 
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required for this purpose the best way is to return the 'fexcess 
to the ammoniacal liquor store for redistillation. 

From the “ catch ” the gasps pass along the two pipes b, b, 
in Figs. 103 and 104, to the main, c, along the top of the first 
receiver. In each branch a cast-iron cock, /, is placed, so that 
they can be closed against the still, and steam turned on in the 
pipe, d, shown in Fig. 104, to clear away any choke due to crystal¬ 
lisation. From the main pipe the gases are led into the receiver 
through., a scries of about six “ dip pipes,” e. These dip pipes 
are best made of light cast-iron similar to the’ pipes used for 
the heating of greenhouses, but having a flange at one end. 


Fig. 108. 



Vacuum Valve. 


Fig. 109. 


* t ^ 

The main is of cast-iron with flanges, g, over each dip pipe, so 
that they can easily be removed to clear the pipes from crystals. 

From No. 1 C.R. the gases pass along wrought-iron pipes 
to the main and dip pipes of No. 2 C.R. These also are of 
wiuught-iron, a plug in the top of the cross taking the place 
of the flange for probing purposes. The arrangements from 
No. 2 C.R. to No. 3 C.R. are again similar to the last-mentioned, 
t From the last-named receiver the gases pass away either 
to the oxide burners, or Claus process, as shown in the sulphate 
of'ammonia plant, or they may be sent through an oxide of iron 
purifier. As the ^quantity is v'6ry small, it is obvious that the 
box need not b!TJ>f large capacity. 

A suction pipe/,/i, Figs. 102 and 104, passes over the wholr 
series, and has a*branch with a tap into the catch ^.hd each 
receiver. There is also a branch on the same series connected 
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with S' suitable water supply the whole being connected to a 
suitable pump. . The delivery pipe from the same pump parses 
over the whole series, as shown at i, in the same Figs., and this 
has a branch, j, to the store tanks. Another branch should 
be provided to take the weak liquor back to the ammoniacal 
liquor store. It is obmous that such an arrangement enables 
ivatcr to be pumped into any of the receivers and the contents 
of either catch or any receiver to be transferred to any other 
of the series. Provision must also be made for getting the 
crude ammonia from the store to the railway tanks.“"If the 
stores are sufficiently high they will fill the railway tanks by 
gravitation, but if not, suitable pumping arrangements will 



require to be made. It is best to have a separate pump for this 
purpose, as it may happen that at the time it is desir&l to load 
a railway tank the receiver pump may not be available. 

2-inch wrought iron pipes perforated with small holes pass 
along the tops of Receivers, Nos. i and 2. These are supplied 
with water cither by nftans of a pump or an overhead tank, and 
are used for cooling the receivers. 

The wear and tear on the catch is very heavy. The writer’s 
experience is that they rarely last more than eighteen months 
to two years. C.R. 1. generally lasts about four years, while 
, the other two last much longer. 

To start the plant, each of the three /^ceivers has water 
pumped in until tin, dip pipes are just nicer, sehled. The still* 
is,then Started in exactly the same manner as is sulphate of 
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ammonia making; but it is desirable to use as slight an excess 
of. Steam as possible in order to avoid making weak crude. 

Goon the condensings will begin to show in the water gauge 
of the catch; and when it gets about half full a sample may 
be drawn and tested. It may be of full strength, i.e., about 
15% NH 3 , in which case it may be pumped straight away to 
the store tank. It is, however, more likely to be below this 
strength, in which case, if there is plenty of room, it may be 
pumped into C.R. No. 1. If there is not room there, the 
alternative is to pump it back to the aminoniacal liquor 
store, for re-distillation. 

The contents of No. 1 C.R. will gradually increase in strength 
until they-reach about 15% NH a , when they may be pumped 
away to the store tank. A portion of the contents of No. 2 C.R. 
is pumped into No. 1 C.R. to re-charge it, a portion of the 
contents of No. 3 C.R. is pumped to No. 2. C.R., and a little 
more water is pumped into No. 3 C.R., and thus the process 
goes on, no stoppage of the plant being necessary while the 
pumping proceeds. 

Tests of the contents of the catch and crude receivers are 
made'bnee or twice a day, and, according to the results, instruc¬ 
tions for pumping are issued. The make is chiefly in No. 1 C.R., 
No. 2 C.R. parely gets above 4% NH 3 , and No. 3 C.R. should 
not be allowed to get beyond 2% NH^. 

The desideratum for crude ammonia for use in the ammonia- 
soda process is 15% to 18% NH 3 and as much H 2 S as possible, 
3% being very acceptable, and the buyers do not like it less 
than i|% to 2%. It is sold on the basis of the percentage of 
ammonia, at so much per unit of NH 3 g>er ton, a jninimum 
percentage requiring to be guaranteed. 

The main thing is to avoid getting flooded out with weak 
liquor, and the chief difficulty is the strong tendency for the 
crude ammonia to crystallise during cold weather. 

It may be of interest to note that when the crude ammonia 
crystallised out, the crystals themselves will be much stronger 
and the liquid left much weaker in NH 3 than the original liquid 
before crystallising. 



CHAPTER XIV 

MANUFACTURE OF SULPHATE OF AMMONIA IN SMALL WORKS 

• 

The plants mentioned in the earlier parts of this work are of 
sizes adapted to the requirements of works of various sizes, 
but it may happen that in a very small works no spare steam is 
available for such a plant, or labour suitable for the continuous 
process is not conveniently to be found. 

To meet such cases Messrs C. & W. Walker, Limited, have 
devised the small plant shown in Figs, m and 112, where A 
is the still, B the lime mixer, C the saturator, D the condensing 
plant, E the oxide purifier, and F the store for sulphate of 
ammonia. This plant.is suitable for gasworks producing only 
a small quantity of ammoniacal liquor, and with limited capacity 
for storage of liquor. 

The apparatus consists of a horizontal still, baffle box, 
saturator, mother liquor well, draining table, and stores for 
sulphate,_ condenser, devil liquor syphon, purifier, and liming 
tank. ' 

The still consist^ of a steel boiler 3 feet in diameter by 9 feet 
long, buil‘. in a brick setting, with furnace door and frame, 
fire-bars, pampers, pfg., and steel chimney. The furnace gases 
pass under the boiler, and return in brick flues along ejeh ,<jida 
to the chimney. The still is fitted with gauge fittings and 
glass pressure relief pipe, vapour dome, manhole, sludge outlet, 
lime inlet, and liquor inlet. The “ frle ” ammonia is first driven 
. off, lime added, and the distillation continued until tl”' spent 
liquor contains the lowest percentage of ammonia desiYcd. 

The cast-iron baffle box consists of a D-shaped box with 
diaphragm, and drain pipe for arresting the aqueous vappiu 
carried mechanically forward with the ammonia gas, the drainage 
being returned to the sflll. 

The liming apparatus consists of one mixing t^nk with wire 
screen and draw-off pipe and cock, and is fixed on an elevated* 
platform for running direct into the still. 4 , 

The saturator is of the usuai fishing type, formed of pure 
chemical lead in a stout timber case with a p( - rated ammdnia 
pipe and waste gas outlet. The saturator i/ supported on an 
ordinal/ brick or concrete foundation, and is _ laced in a shallow* 
lea^l + ray having a fall towards the mother liquor well. 



es. \ 
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, T he I 7 l0 ^ ier J'T uor well can be formed either in concrete or 
brickwork, and lined with chemical sheet lead, pr can be made • 



from pitch pine i) the form of a tank, and lead lined. Tb*' 
latter has the adv ntage that any leakage can be easily detected 
and made good. 


Walker’s Intermittent Sulphate Plant for Small Works. Elev^jcn. 
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Tim draining table consijts of the usual timber lead-lined* 
tray, placed so, as to run the drainage back to the saturator, 
and is made large enough to hold the day’s make. 



The stores for sulphate are* large enough to store a io-ton 
lot, the bottom being lined with light sheet Vd, and protected 
with loose timber flooring in the usual way/ ., 

The .condenser consists of vertical pipes the lower portioife 
hpirg immersed m a water pit, A small devil Jiquor syphon 
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is provided, and a water spray ^arranged for use in very hot 
weather, so as to cool the waste gas to the desired temperature. 

'The purifier consists of a small brick box with the gas inlet 
pipe carried to the centre, arid covered with a wood grid, the 
oxide being heaped up as required. 

This plant is easily worked by unskilled labour, and its 
small cost allows of a good return for the capital invested. # 

The following exceedingly interesting paper read before the 
Southern District Association of Gas Engineers and Managers 
at theii meeting on 5th November 1910 appeared in The Gas 
World, together with a leading article and a report of the 
discussion which followed the reading of the paper. _ By the 
kind permission of Mr Moon and the Editor of The Gas World, 
we have pleasure in reproducing the paper, as follows 

Ammonia, the residual from which gas undertakings of a 
fair size expect to make a respectable profit, is to very small 
works often nothing but a nuisance and a source of loss. Any 
ammoniacal liquor that may be made presents great difficulty 
in its disposal, as the cost of carriage absorbs all the profit on 
its sale, unless the works are very favourably situated; and 
the capital expenditure necessitated by the installation of a 
sulphate of ammonia plant of the ordinary type would not in 
most cases be justified, in view of the small quantity of liquor 
to be dealt'with and the fact that the plant would be standing 
idle for, say, eleven months during the year. Furthermore, 
sulphate plant of the ordinary type requires constant attention 
of a more or less skilled character, and monopolises the whole 
time of one man while it is in operation. 

It is, therefore, not an uncommon tbjng to find^ that in a 
small uprks mx attempt whatever is made to recover ammonia 
from the gas. The water in the purifier lutes and gasholder 
tanks is converted in time into weak liquor; and the gas dis¬ 
tributed to the consumer k full of free ammonia. The inevit¬ 
able result is trouble on the district caused by the sticking of 
taps and the corrosion of burner nipples and fittings. The 
weak liquor that is unavoidably produced on the works is 
allowed to drain away, either into some adjacent water-course 
or into the public sewer, and is bound sootier or later to give 
trouble. 

The word’s at Wareham, supplying about 5,000,000 cubic 
feet of gas per annum, were in much the above plight about 
eighteen months ago. We were concerned as to how best to 
improve matters ; and on the suggestion of Mr Wilton we decided 
to instal a sm'.ll, experimental plant on what are, I believe, 
somewhat novel liri °s—at any rate, in ordinary gas-coal practice 
At Wareham theft is only one man on shirt by day £ nd one 
by night, with the manager to read meters, do all necessary 
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fittin bQ work on the district, and attend to public lighting, etc.’ 
Obviously any plant to be successful would have to be so simple 
that an ordinary country workman could not fail to understand 
it, and so arranged that it would not entail any considerable 
extra labour on the staff. • 

The plant installed at Wareham is shown in Fig. 113, and 
has now for several months proved to fulfil admirably the 
cibove conditions! The coal gas, after passing the condensers 
and a small purifier filled with heather, which acts as a some- 
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what crude tar extractor, enters the lead saturator A, and 
bubbles through the weak sulphuric acid contained therein.^ 
We have proved by careful experiments that there is no ap¬ 
parent loss of illuminatfcig power due to the absorption of hydro¬ 
carbons from the gas, so long as the strength of the acid is kept 
below 4 0 to 5 0 Twaddel. In starting the acid washer, therefore? 
the acid is mixed to about 3 0 Twaddel. At this strength, ^he 
avidity with which it will abso*b the ammonia renders it un¬ 
necessary to work with more thap 1 inch *0 inches of seil in 
^he washer. Sulphate of ammonia is forme* in. solution ; and 
the specific gravity of the washing liquor slowly rises. ’ 

A siihple calculation gives approximately th# amount of 
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sulphuric acid that should be added from day to day to neutralise 
the ammonia produced from the Amount of coal carbonised per 
twenty-four hours. This amount is added to 'the saturator in 
half quantities each twelve hours. Roughly, about 23 lbs. of 
acid of 142° Twaddel would be required per ton of coal if all the 
fixed and the free ammonia had to be neutralised. Where the 
free ammonia only is dealt with, as at Wareham, about 13 to 
16 lbs. only is required. These amounts will, of course, var^ 
according to the kind of coal carbonised and the heats used. 
Adding acid in this way, in the quantities necessary only for 
each day’s make of ammonia, the specific gravity of the wash¬ 
ing liquor increases regularly ; but the amount of free acid 
in solution is never high enough to affect the illuminating 
power. 

When the strength of the solution reaches 45 0 to 50° Twaddel, 
it is drawn off in small quantities each day, so as to keep the 
seal approximately constant, passed through the two small 
wooden, lead-lined filters BB (filled with sand on a layer of 
felt), and, when enough has accumulated, transferred to the 
evaporator C. This, at Wareham, where exhaust steam is 
available from the exhauster engine, is a wooden, lead-lined 
vessel of the shape shown, with a flow-and-return lead pipe for 
the steam. Very little concentrating is needed, as at 45 0 to 
50° Twaddel the sulphate of ammonia solution is very near 
crystallising point. 

In works not using an exhauster, and therefore with no 
steam available, a- cast-iron lead-lined evaporator of convenient 
shape, sitting either on the waste-gas flue of on top of the beds, 
would be quite effective. Crystallisation .soon takes place, and 
-the sa(t is put. on the draining board 1) to drain,' the small 
amount of mother liquor left being mixed with the next batch 
for concentrating. Very good coloured salt is made by this 
process; and the sample* of Wareham salt exhibited gives an 
analysis of 25.2 per cent, of ammonia. A good local sale can < 
usually'be cultivated with very little trouble, as mqst small* 
works are of necessity situated in a country district. 
v In a small works such as Wareham, the amount of virgin 
liquor from the hydraulic main is hardly sufficient to warrant 
the installing of a lime still to liberate the fixed ammonia. But 
the whole of this liquor, and the stronger liquor from the con- 
: densers, is pumped through the hydraulic main twice ; so that . 
a? much free ammonia as possible is driven off into the gas. 
The virgin liquor run to waste at Wareham amounts to ap¬ 
proximately n ^allons per top of coal, containing free ammonia 
equal to 1.1 lbs. and fixed ammonia equal to 4 lbs. of sulphate. 
This is equivaleic to a total waste of 3.x*lbs. of sulphate of 
ammon’a per torn The plant has been working for thro; mpnths; 
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aita'ayer this period 14 Ibs.-of sulphate of ammonia have been 
made per toi\ of coal carbonised. In addition to this,*gas 
entirely free from ammonia has been distributed, and the Vtaste 
liquor to be disposed of has bedh considerably reduced in both 
strength and quantity. * 

It is necessary with a process of this kind to keep the saturator 
,liquor constantly on the acid side. If it were allowed to be¬ 
come alkaline, sulphuretted hydrogen and carbonic acid would 
be absorbed; and when the next acid was added, these gases 
would be given off in considerable quantities. The *ptirifiers 
would be overtaxed by the burst of sulphuretted hydrogen, and 
■the illuminating power of the gas would certainly suffer tem¬ 
porarily from the extra carbonic acid, if oxide only were used 
for purification. Fortunately, it is quite' easy to avoid this 
trouble. 

With regard to the financial side of the question at Wareham. 
As there is no fuel or labour bill to be met, practically the only 
charges against the sulphate sold are the cost of the acid used 
and the interest and depreciation on the plant itself. The 
capital outlay is, however, so small, and the wear and tear of 
plant so inappreciable, that these charges do not amoifnt to 
very much per ton. 1 estimate that, selling the sulphate of 
ammonia produced at £11 per ton, there will be a jiet profit of 
£7 per ton sold. This will yield a total profit for the year equal 
at Wareham to an increased dividend of 0.6 per cent. 

•What’ has been done at Wareham on a vi;ry small scale has 
been done on r larger scale, and therefore much more thoroughly, 
at Dunst-ible, by Mr Phillips, who has kindly accorded to me 
permission to give the particulars of the plant and his 
experience with it up to date. At Dunstable 1 , between sjoo 
and 2500 tons of coal arc carbonised per annum ; and the fi*ed 
ammonia therefore is sufficiently significant to be worth recovery. 
The gas as it leaves the hydraulic *main is passed through a 
specially constructed condenser-washer, so arranged that, as the 
liquor condenses, it flows in a reverse direction to the’gas, and 
leaves the apparatus warm and containing very little free 
ammonia. . ■ 

This liquor is conveyed to a direct-fired distillation ap¬ 
paratus, where it is treated with alkali.and the ammonia driven 
off to the acid washer through which the main stream of gas, 
passes. The spent liquor, which averages about xo gallons to' 
the ton of coal carbonised is conveyed to a shallow tank on 
top of the retort bench, and is evaporated to drvness. It will be 
seen that the quantity of effluenUby this oj?^ .m is cy^y about 
i je-fourth of tha* wiiich would bd produced .by the ordinary 
Method' of water hashing and steam disullf m. Thus, at a 
smjll'walks .arbonising, say, 10 tons of cbaJ pen day, there 
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would only be ioo gallons of effluent to dispose ofand jhis, if 
desfred, could be easily evaporateef in the ash-pans. 

Referring to Fig. 114, B shows the 
fractional condenser-washer, consist¬ 
ing of'six bubbling trays each work¬ 
ing with a seal not exceeding £ inch. 
The hot gases from the hydraulic 
main enter the wasBer at the bottom' 
and pass upwards through all the 
six trays. The two. top trays may 
be used as naphthalene washers by 
filling them with a suitable solvent,, 
such as oil tar, which also sdrves to 
remove the last traces of coal tar 
from the gas. The middle two trays 
arc provided with cold water cir¬ 
culating pipes, which may be ad¬ 
justed so that the exit gases are 
reduced to any desired temperature. 
The bottom ,two trays receive the 
condensed liquor from the trays 
above, and also the tar and liquor 
from the hydraulic main. The hot 
gas bubbling through the liquor in 
the two trays raises its temperature 
considerably, drives off mdst of the 
. free ammonia, and the liquor passes 
away from the w'asher at qbout 100° 
to 120 0 Falir, or very little lower 
than the temperature of the inlet 
gas. 

Through the exhauster, C, the 
"gas now passes to the acid washer 
I). This is arranged with trays so 
that the gas is washed three times. 
Sulphate of ammonia solution is 
formed, and is constantly circulated 
through the receiver Y and overhead 
tank X. Add is added at intervals, 
so that the liquor entering the 
washer contains 1 per cent, and 
leaving the washer only 0.1 per 
cent, of free acid. The strength of 
the sulphate liquor gradually in- 
j creases; and when it reaches 45 0 to 

50° Twaddel.lt if run off to the evaporator €, where itr is con¬ 
centrated by means of a small steam coil and crystallitad r The 
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salt- drainer H is also provided with a steam coil, so that each 
batch ot sulphate can be dned before removal—thus making it 
unnecessary to have a lead-lined store. i 

The virgin liquor containing the fixed ammonia is pumped 
from the outlet of the condenser to an overhead tank, from 
which it flows by gravity to the direct-fired still I. A direct- 
fired still is used in preference to the usual type, so as to prevent 
the increase in bulk of the effluent liquor due to the condensed 
steam. It is easy to operate; and it is of importance to note 
that the lime .deposit does not adhere as with steaifl, and is 
therefore quite easy to remove. Finally, the effluent liquor is 
pumped into two tanks 8 feet x 3 feet 9 inches x 6 inches deep, 
laid on the top of the retort bench, where it cvaporati - to dryness. 

The whole plant is exceedingly simple to-operate, and does not 
call for any increase whatever in the works staff. Liquor tanks 
become quite unnecessary, and there are by this process no 
smells of free ammonia and sulphuretted hydrogen about the 
works. There is no effluent, and no possibility of nuisance of 
any kind. It has not yet been possible at Dunstable to obtain 
figures with regard to < the make of sulphate per ton of coal; but 
as there can be no escape of ammonia at any point in the process 
the yield must, of necessity, be fairly high. The first plant 
installed at Dunstable was hardly so complete as that described ; 
but it was sufficiently successful to warrant the construction of 
the more complete system outlined above. 

Engineers who have seen the process in operation at Dun¬ 
stable have been considerably impressed with its simplicity 
and efficiency; afld at the time of writing this paper, at least 
four engineers hav< placed orders for similar plants. 

The ohly criticism that can, I imagine, be made on j process 
of this kind is that one loses the purifying power of the ammonia 
for the partial removal of carbonic acid and sulphuretted 
hydrogen. If the best use possible by ordinary scrubbing 
methods is made of the ammonia, about 200 to 300 grains of 
-arbonic acid and 100 to 120 grains of sulphuretted *iiydrogen 
per 100 cubic feet of gas are removed by the scrubbers. In 
works using oxide only for purification, the extra sulphuret/ed 
hydrogen would be absorbed by the purifiers without trouble, 
and the carbonic acid \fould pass forward into the gas, increasing 
the volume by about 0.5 per cent, and reducing Jhe illuminat¬ 
ing power by about 0.3 candle. In most small works thif 
would be quite unnoticed, and would in any case be well wi+l'm 
the ordinary variations of illuminating power. Where lime 
only is used, the net result would be a sl’jht’ increased usA of 
lime, the cost of which would bei much more than covered by 
the profij from the sulphate, and the g'eaj to Vantage of dis-* 
tribudng gar free mom ammonia. 
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As a matter of fact, in most small,works anything like fujl.duty 
is vfcry seldom obtained from the ammonia as a purifying agent 
for Carbonic acid or sulphuretted hydrogen, and the additional, 
quantities of these gases passing to the purifiers would not 
amount to anything like the fighres given above. Although 
the process up to the present has been applied to small works 
only, it has advantages which, under special local conditions, 
might make it worthy the attention of much larger undertakings.' 
Scrubbers, either of the tower or rotary type, and large liquor 
storage tanks would become quite unnecessary,, and the waste 
exhaust steam that abounds in many works could do the neces¬ 
sary work instead of the plentiful supply of live steam required, 
by the present methods. In addition to this one would have 
a practically continuous process of manufacture instead of an 
intermittent one. 

In conclusion, I should like to take this opportunity of 
thanking Mr Phillips for his kindness in placing the particulars 
of the Dunstable plant at my disposal, and Mr George Wilton 
for the help he has given me throughout. 



CHAPTER XV 


MISCELLANEOUS : ALKALI, ETC., WORKS REGULATION ACT, 1906 
—FACTORY ACTS (SPECIAL REGULATIONS)—RESPIRATORS— 
SULPHURIC ACID—QUANTITY O' AMMONIACAL I.IQUOR RE¬ 
QUIRED TO MAKE A TON OF SULPHATE- ANALYSIS OF WASTE 
LIQUOR 

All sulphate of ammonia works are compelled to be registered 
under this Act. Application foi registration (accompanied by 
a fee of £3) should be made to the Local Government Board, 
Whitehall, London. The registration requires to be renewed 
and the same fee paid annually. 

This Act is administered in an ideal manner. It has always 
been the wish of the authorities that the manufacturer* should 
feel that the inspectors under the Act should not be looked 
upon as police, but rather as the mutual friends of the manu¬ 
facturers and the outside public, working toother for the 
common good. The inspectors are gentlemen who have a 
thorough knowledge of chemical works, and during the writer’s 
thirty years’ experience of intimate conta?t with them he has 
experienced noticing but kindness and consideration at their 
hands. , 

Prosecutions under the Act are very rare* and in all ca$es 
where they do take place the feeling of the manufacturers is 
that the delinquents richly deserve the penalties inflicted upon 
them. • 

Factory Acts. Special Rules for Chemical Works 

A copy of these rules (twelve in number) must be posted up 
in each chemical works. Copies may be obtained (price, ijd. 
post free) from H.M. Stationery Office, Kingsway, London, 
W.C.2. * 

Under Rule 9 it is enacted that Respirator# charged with 
moist oxide of iron shall be kept for use when required wlten 
working amongst sulphuretted hydrogen or other poif^”ous 
gases. Two forms of such respirators, made by Messrs Zimmer 
& Co., are shown in Figs. 115 and ujj v ., hen received, the 
cavity is filled with a sponge. This mug b£* removed and re¬ 
placed *vith a smail muslin bag filled witlj. hist oxide of iron- 
net. tfhrif, Ing material will do very well- There is some little 
4 ' * * • _ 
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doubt as to the perfect safety of thir form of respirator, asTpos- 
sibly 1 ' some little sulphuretted hydrogen passes, through the 
•moislf'oxide of iron ere it becorpes active, and this may prove 
a source of some little danger. 

But whatever doubt there may be of the efficiency of the 
above respirators, there is no doubt whatever of the efficiency 
of the apparatus made by the same firm and shown in Figs. 117 
to 120. The canvas helmet is placed over the head as shown 
in Fig. 117 ; the foot bellows, Fig. 118, or the hand bellows, 
Fig. ng, is put in the pure open air and connected by means 
of the armoured india-rubber tube, Fig. 120, to the tube at the 



Fig. 115.—Aluminium Respirator. Fig. ji6. —Universal Valve Respirator. 


« 

back of the helmet-. The current of cold aip passes over the 
face of the wearer of the helmet, sweeping away all poisonous 
gases before it, and so long as the bellows are at work the man 
is ubselutfJy safe.' 

Treatment of Persons accidentally poisoned by Sulphuretted 
Hydrogen, etc. 

A very, useful notice as to what is to be done under such * 
circumstances is issued in sheet form, suitable for framing, 
by the proprietors of “ The Chemical Trade Journal ” (Messrs 
Davis Bros.). 

A copy of this should be put up in a convenient part of the 
works. 

Sulphuric Acid 

X f >e carriage of this material in carboys should only' be 
adopted as a last resource, as *che writer knows of no more 
disagfeeable task than unloading a truck containing carboys 
of acid, when one or two have been broken in transit, and,, 
however carefully the packing may be done at the acid Works, 
breakages in transit are of frequent occurrence. Wherf, lbwr 
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evef/’idd must be taken in f arboys, look well after the empties, 
as neglect of.this leads to much friction between the nteker 
and consumer of the acid, and the makers have certainly enuch 
cause for complaint in this direction. 

Where a railway siding rifns into the works and the quantity 
of acid consumed warrants it, it is best to have the acid sent 



Fig. i 19. 

Zimmer’s Safety Hood Respirator. 


in steel railway tardcs holding about ten tons each. In this 
case a storage tank made of wood lined with 8 to 10 lb. 
lead should be provided and fixed in such a position that The 
acid may be run into it from the railway tank by gravitation. 
It should be sufficiently large io allow the whole of the contents 
of the railway tank to be run pff into ;e operation as to 

partially empty the railway tank and then shunt it up and down, 
often yith the .nm-lid insecurely fasten* is "disastrous to the 
t wc'.l-)»eing of the tank. A storage tank to ! eet £ 6 feet x 4 feet 
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will comfortably hold ten tons of acid. From this tank it is 
elevrted to the tank for supplying the saturator, either by 
n mear)£ of an acid elevator similar to that shown in Figs. 30 
and 31, or by a steam regulus-injector. And here the writer 
would like to put in a plea for the acid maker with regard to 
the detention of the railway tanks. These tanks are not intended 
to act as acid stores, and for a consumer to keep them under load 
day after day while the maker is pressed for ihem to supply 
his orders is decidedly unfair. 

The add should be sampled on receipt, the best way to do 
so being by taking the man-lid off the tank and dipping a 
long glass tube f-inch in diameter right through the contents 
(except the little dirt that accumulates at the bottom of the 
tank), using the tube as a pipette. Get the acid to 60° Fahr. and 
test with the hydrometer. Should it show too low, before 
complaining check the correctness of the hydrometer by means 
of the specific gravity bcttle. It -will often be found that the 
hydrometer and not the acid is at fault. If acid is kept for 
some time a sample taken from the bottom of the tank will 
often show much higher than if taken frqm near the surface. 
The wsiter remembers a case where a complaint was made 
about the strength of some acid, and on the acid-maker’s chemist 
being sent over to investigate it he discovered that the sample 
had been takSn from the surface of a tank where it had been 
stored for about two months, and further that the tank was 
situated in such a position that rain readily blew into it. 
Comment is unnecessary. 

Where the acid is supplied by a firm within carting distance 
of the consumer’s works it may conveniently be bropght in 
stqpl parrels hold'ng either -about 25 cwts., or 2 tons io cwts. 
each, and discharged into a similar (but not necessarily so large) 
tank as that suggested for that received by rail. 

A. ton of sulphate of ammonia requires about 14.84 cwts. 

- pure acid (= 18.32 cwts. at 144 0 Tw.) for its manufacture. 

Ammoniacal Liquor 

To ascertain the quantity of ammoniacal liquor required, 
roughly, to make a ton of sulphate of aiftmonia, divide 25.75 
by the percentage of total NH 3 contained in the liquor. The 
answer will be the required quantity expressed in tons. To 
ascertain the actual loss of ammonia in working, a small sample 
of the ammoniacal liquor that is being used should be taken 
at regular intervals, say every six hours, and placed in a 
Winchester quart bottle, provided with an india-rubber stopper, 
and at the end of each week an average sample taken from. thL_ 
and tested for .total NH S as previously described. If thj wns* 
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of li^ir consumed be multiplied by the figure and the result* 
divided by the actual percentage of ammonia contained in *he 
sulphate of ammonia delivered djiring the week, the result f will 1 
show the quantity of sulphate of ammonia producible, from 
which deduct the amount actually produced, and the difference 
will represent the loss. 

{Should the quantity of mother liquor in stock at the close 



of the week be greater than at the beginning, it is obvious th*at 
this will account for some of the apparent loss.) 

Analysis of Waste (or Stent) Liquor 

In a large works, samples f the waste liquor as it leave., 
the still are usually taken every’half hour tjjiid placed in 6-oz. 
qorked bottles. Should a sample smell oi ar' .luiiia, the bottle 
remarked with a cross in chalk, and this m’ tic^iar sample is # 
then tested separately. As each bottle is # ,ei labelled with 
th^ti,ne*the ..ample was taken or placed in ( a parf,kular order, 
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should the suspected sample test 'high, the time can be located 
and the matter taken up with the man in charge. To reduce 
the" number of tests the remainder of the batch for each 8 or 
12-hour shift may be mixed to form one sample. 

The samples may be tested for total NH 3 in the same manner 
as that described in Chapter II. for testing ammoniacal liquor, 
except that 100 c.c.’s of the waste liquor and only 5 c.c.’s of the 
normal sulphuric acid are taken, this, of course, modifying the 
calculation accordingly. 

Or, if preferred, the apparatus shown in Fig. 121 may be 
used, in which case the distillation is made into distilled water, 
and titration with normal sulphuric acid only is required. 

In good working the total ammonia should not exceed 
0.02%. 

To test for the free lime, shake up the average sample 
thoroughly, take 100 c.c.’s, boil in a beaker to expel the 
ammonia, and then titrate with normal oxalic acid solution 
(made by dissolving 63 grammes of the crystals in water and 
making up the bulk to x litre), using a solution of phenol- 
phthaleine as the indicator, x c.c. would equal 0.02% calcium 
or 0.028% calcium oxide. A suitable quantity of free lime 
would be, say, from 2 to 5%. 
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FEATURES IN DESIGNING A SULPHATE OF AMMONIA HOUSE 


An article t .titled as above by Mr Frederick Shewing is here 
reproduced, with additions, from The Gas World, with the author’s 
acknowledgments to Mr Shcwring and the publishers of The Gas World. 

It does pot fall to the lot of every • ngineer and manager of 
gasworks to have to build a sulphate of ammonia house and 
instal tile necessary plant. For this reason it is po-Able that 
this subject lias not had the same amount of consideration as 
is apt to be devoted to the design or erection of the various 
other plant found on a gasworks. It is observed on some 
works that the stills, heater and saturator are housed in some 
makeshift building, and it is perhaps not until the apparatus 
has to be overhauled, or improvements added to procure 
efficiency, that the drawbacks of the situation become obvious. 

There are a few outstanding details which command atten¬ 
tion, when designing a new building to take new manufacturing 
plant, and although they may have to be varied gr modified 
in some instances to meet special local conditions, it is well 
to have them under consideration beforehand, and endeavour 
to take iftivantage of any feature of convenience. The writer 
has in mind a case where a scaffold or legs have to be employed 
each tim .to enable'die sections of the stills to be taken apart. 
With a little foretlv light, at the time when the building was 
erected, provision could easily have been made for a perpiasenb 
structure to have been added to attach a set of lifting tackle, 
without incurring extra expense, sinjply by the rearrangement 
of the rolled steel joists which support the crude ammoniacal 
.liquor storage tank in the building. It is always well to bear 
in mind, that, owing to the destructive effect of any shlphuric 
acid that may leak through the draining floor, or from the acid 
tank, the portions cf the plant that are likely to be affeetpd 
from such cause, such as, for instance, a chimney-stack (if steam 
happens to be generated in the building), stills or overhead 
tank supports should be kept as far as convenient from the^ 
vicinity of acid storage accommodation. 

The Site 

. Any special advantages that die site af' *tor attaining 
etpnomy in matters of unloading acid tanks, applying the. 
ammoi .aonl liquor to stills, or feeding ta» .satuiytor direct 
wilji acitt wuhout the employment of mechanical 1 means are 
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features that should receive due, consideration. The loading 
of '[he sulphate from a higher level into carts or railway trucks 
saVbs cost in handling, and these matters materially assist in 
making the manufacture of'sulphate of ammonia more re¬ 
munerative. It is really a question of levels. It may not 
prove advantageous to specially provide for all these con¬ 
veniences on some sites, but with a little scheming and judicious 
expenditure, the costs can, under certain circumstances, soon 
be recouped. 

Chimney Flue and Stack 

It is more costly to instal a steam-raising plant solely for 
use in sulphate manufacture than to obtain a supply of steam 
from the existing plant found on all gasworks, other than the 
very smallest. It takes a certain amount of the attendant’s 
time to look after the firing of the boiler, and this time could often 
be more profitably employed attending to the working of the 
plant. If, however, there is no alternative but to include a 
boiler in the sulphate house, the question of providing a chimney- 
stack and its position are features to be considered. 

The idea, that has been put into practice, of running the 
flue from steam boiler to chimney alongside of the drying store, 
with the object of furnishing heat to assist the drying of the 
sulphate, i^ excellent, if precautions are taken to rigidly prevent 
the mother liquor from gaining admittance into the brick¬ 
work or flue. Artificial means of drying the sulphate are 
essentially convenient at times, more particularly on works 
which have not a centrifugal drying m.xhine. The writer 
does not, however, like the practice of forming the chimney- 
stack on the corner walls of the building, unless the house is 
of large dimensions. Even in this case, the walls that form 
the back of the drying store should obviously be avoided. 
The erection of the chimney-stack a short distance from the 
sulphate house is preferable in the majority of cases, and any 
underground acid storage tanks that may have to be provided 1 
should be kept at a reasonable distance away, consistent with 
the convenient handling of the acid. The writer has an instance 
in mind where a chimney-stack was almost ruined owing to 
acid finding its way into the foundation;. 

The. Floor Level 

■ The floors of sulphate houses, apart from drying store, are, 
almost without exception, kept on one level; but if the effluent 
liquor, or a portion of it, is intended to be used for lime-slaking 
or lime-mixing purposes, it is advisable to fix the liming tanks 
at a lower level than the stills, to enable a feed of effluent to 
gravitate to the liming tanks as required. This will'.iave em¬ 
ploying ar injector, steam or hand pump for lifting the liquor, 
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wmcit«,will prove a, source of convenience. The floor space* 
where the liming apparatus is to be fixed should be 2 feet 
lower than the remainder of the floor of the building. I&ihe 
mixing tank is then let into the'ground another 12 inches, the 
slaking tank can be fixed sufficiently low to enable the spent 
liquor running from the secondary still to gravitate to it. 

. It may be argued that the stills themselves could be fixed 
on a brick 01 cohcrete foundation a couple of feet above floor 
level, and there would then be no necessity to excavate the 
ground especially to accommodate the liming apparatus. This 
arrangement would quite meet requir -merits ; but it is by far 
the most costly method to adopt. The height of building 
would correspondingly be increased. 

The floors of sulphate houses may be formed of asph dte, or 
bricks laid without cement or no.rtar jointing, in preference to 
a cement flooring. The former methods can more easily be 
re-levelled and repaired as occasion demands. 


The Draining Floor 

The chief points to aim at in constructing the draining 
floor is to see that sufficient fall of floor is provided to the mother 
liquor well ; also, that the bearer joists are deep enough to 
prevent the mother liquor saturating the sulphate In the event 
of the sheet-lead lining becoming buckled, and to guard against 
the possibility of the drainings leaking into the floor or brick¬ 
work ot Jhc building. Fig. 1 shows the proposed method of 
laying tly bearer jcJists with the object of collecting the drainings 
to one wgll, providt T near the centre line of the draining floor. 
The leacTlined floor, from the walls to centre, should be, laiii 
sloping, with a i|-inch fall for every 8 feet run of flooring. The 
bearer joists or floor board supports, which are laid loose on the 
sheet-lead, should be 4-inch by 3-irtc.h or 5-inch by 3-inch red 
deal By having the joists 4 or 5 inches deep, provision is made 
»br the, acid to flow freely to the well, even in the event of a 
lifting action of the sheet-lead taking place, as is known to 
happen frequently. 

The height to vhich tne sheet-lead may be carried on Ihe 
side walls of the buildings is usually governed by the depth 
of floor space allotted for storing the sulphate. , If the front 
part of the storage accommodation is not boarded up, the 
width of floor from back to front may be taken as the flight 
to which the sheet-lead may be extended up the walls.” 'Inc 
sides of wall should afterwards t>e match b®r ^d. The writer 
does not think +hat any advantage is t.uned by fixing a 
Wooden framework ground the walls on wf h tire sheet-lead is 
attar* ied, although some engineers prefer it. , ■ r securing the top 
of*shi fi-lead,to walls, 4-inch by 3-inch wooden blecks^shcjnld be 
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built into brickwork, anda3-inclr 
by '-’-inch or 4-inch by 2-inch 
liorizontal memDers attached 
--thereto should be extended 
around the storage floor. The 
sheet-lead can then be dressed 
over this and suitably secured. 

It is a wise precaution to give' 
several coatings of tar on the biick- 
work around the sulphate storage 
room, and in fact the whole in¬ 
terior of the building may be 
treated if desired in a similar way. 
The writer has found that after 
.the application of several coats of 
boiled tar and pitch mixed, the 
brickwork resists the destructive 
nature of the weak acid in the 
sulphate. His tests have not yet 
been carried out over a prolonged 
period, but he is convinced of its 
suitability for the purpose re¬ 
ferred to. 

With the open type of sul¬ 
phate storage floor, as illustrated, 
care must be exercised tc prevent 
the acid from draining over the 
front end of the flooring. The 
sheet-lead Cjin bc^stiffened along 
the front by dressing it ¥0 double 
thickness, and if this is kept 1 
inch higher than the flooring 
boards and the same distance 
from the end of boards, no trouble 
will be experienced. 

It may be desirable to board 
up, for a few feet, a portion of 
the front of the storage space, to 
add somewhat to the storage 
capacity. This must not be ex¬ 
tended too far, because it will be 
found inconvenient when the bag¬ 
ging of sulphate takes place. 

Underneath the saturator a 
sheet-lead tray should be pro¬ 
vided to catch any acid or mother liquor that may overflow (pr leak 
from the saturato-*. If this is omitted, the flooring after boom¬ 
ing saturated with acid will readily lift the said saturator, arid 
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jlossibh' cause the connection* or flanges tif the pipes to, 
give. sThe leaf’ traf should sbe laid with a fall to the mother 
liquor well, and a pipe or outlet passage arranged to convey 
the liquid thereto. - * 


Arrangement of Plant 

. A glance at Figs, i, 2 and 3 shows the suggested arrangement 
of plant. It will be noticed that provision has not been made 
for the inclusion of steam-raising plant in the building. If a 
steam boiler has to be installed a lean-to building could readily 
be erected at tne end of the house near the doorway ; or, of 
eoursc, # the boiler could be housed inside the building and the 
accommodation for storing the sulphate thereby reduced. 

It will be observed that one of the rolled steel joists support¬ 
ing the liquor tank is arranged centrally over the primary still 
and the superheater. Lifting blocks can be attached to this, 
and it will prove useful when taking the plant apart. If the 
brickwork opposite the centre of the .secondary still is corbelled 
out sufficiently to form a bearing for a rolled steel joist, or, 
better still, if an iron shoe is built into the brickwork, the other 
end of the joist can easily be secured by a support hanging from 
the girder which carries the ammoniacal liquor tank. This is 
not costly, and, when once provided, it is always available to 
meet emergencies. * 

If for any specified reason it is desirable to erect the ammoni¬ 
acal liqi?or tank outside the sulphate house^ it can be carried 
out by somewhat strengthening the wall of building and resting 
the end >r side oAank thereon, and supporting the remainder 
on a coqple of iron, or steel columns. The tank should be 
covered in to prevent waste of ammonia. The dottpd .lines 
in Fig. 1 explain these remarks. 

Another method of making provision for the taking apart 
of sections of the stills in the event of cross girders being absent 
is b> fix in the walls directly overhanging the plant a steel 
§irder -bracket for lifting tackle to be attached. 

Loading the Sulphate of Ammonia 

The loading by manual labour of 2-cwt. bags 01 smpnare 
on drays or into railway trucks is arduous work and somewhat 
costly. With plants turning out a large tonnage of sulphate, 
it has occurred to the writer that arrangements may be made 
for an adaptation of the mon---rail or telpher system, opcated 
by hand or steam rope-winding’machine to enable the ba^s of 
sulphate to be taken out of the sulphate hov\. and placed direct 
wito carts or railway waggons. It is just 1 question whether 
the ^coiyStary savmg in labour would justilc ,tlie initial outlay. 
Each case would have to be considered frefn its ofrn particular 
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standpoint. If the loading floGr is such that a dray cap back 

agpinst it, and the sulphate can' be wheeled on sack' trucks 
direct on to lorries, without having to lift the s’acks of material 
several feet, much of the difficulty will be overcome. The 
provision of a light jib crane for loading purposes would, in 
many instances, prove to be a profitable investment. The 
position of the site may be helpful in determining the most 
advantageous arrangement to instal. It is cei'tainly an import¬ 
ant item, when it is remembered that it takes three men to lift 
a 2-cwt. bag of sulphate on to a railway dray, besides the carter 
who receives the bag on the lorry. 

Details of Construction 

The roof trusses, if constructed of wood, cost less in upkeep, 
and for this reason the writer prefers them to steel or ironwork. 
The type of truss to employ is dependent upon the. width" of 



building. If the width is 30 feet or less, a king-post roof truss, 
as illustrated in Fig. 1, c a n be adopted. If the building is 
over 30 feet, a queen-post truss should, for preference, be used. 
In deciding upon the size of members for a given roof-trus.,, 
or, in fact, for any other type of construction, always endeavour 
to employ material of similar size or pieces cut from multiples 
thereof. For instance, assuming that the king-post referred 
to is for a span of about 24 feet, it can be made up of the under¬ 
mentioned members: --tie beam 8 inches by 4 inches, struts 
4 inches by 4 inches, king-post 6 inches by 4 inches, principal 
rafters 4 inches by 4 inches, and the purlins 8 inches by 4 inches. 
The weight of the roof the framing is called upon to support 
has: of course, a bearing on the dimensions of its members. 
The writer rather favours the use of cement-asbestos shingles 
or corrugated sheathing for roofing buildings' of the class undet 
consideration i ’».’>• 

Figs, yp 5 and 6 show ; elevation, section,* and roof plan 
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of a ‘good-class building, iSie size of which can be modified 
to meet the requirements of large or medium-sized gasruprks ., 
The door is shown at the front of building, but it can, if 
more convenient, be placed* at the one end, as shown on 



Fig. 2. If the position of the door is altered another window 
could be added. • 

The following is an abbreviated specification for the sulphate 
house structure:— 

Foundations— Excavate soil 2 feet wide 4 o required depth 
and ram solid. Lay a bed of concrete 18 inches deep. 

Floor. -The interior of the building is to be excavated to 



Fig. 6 .—Sulphate hogse. Roof Plan. 

» 

a depth of 6 inches. Ram solid and fill in with concrete. When 
set v lay in sections on mch bed of cement, 2 0. ’ts,*>harp gravel 
sand, 2,parts, and fine chippings, 1 part, tho*i^'hly^mixed and 
floated t(? a true level. 
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Concrete to be composed of 6 farts broken brick or diallast 
to pass through ij-inch mesh and i part each* of sharp sand 
and approved Portland cement*. 

Brickwork. —Build footing as-shown on drawings. (These 
can be omitted on good foundations.) Build piers in i8-inch 
brickwork to a height of 2 feet above ground level and reduce 
to 14-inch brickwork. The panel \cajls to be *4 inches reduced 
to 9 inches. Two plinth courses to be laid to form the 4|-inch 
set-offs. • Blue bricks can be used if desired. The brickwork is to 
be “ Old English bond," alternate layers of headers and stretchers. 

Damp-proof Course. —Lay a course of slates in cement through¬ 
out the thickness of wall, position as shown on drawing., 

Woodwork throughout to be of best red deal, well seasoned 
and free from defects. 

Wall-plate to be 4^ inches by 3 inches. 

King-post Trusses.— Construct to dimensions and size previ¬ 
ously given. Strengthen king-post to tie-beam with wrought-iron 
stirrups with gibs and cotters and principal rafters to tie-beam 
with wrought-iron stirrups. (Stirups 2-inch by f-inch flat iron.) 

Cleats to be provided for purlin support as shown. 

Pole-plates to be 4 inches by 4 inches. 

Common Rafters to be 4 inches by 2 inches, fixed 15 inches 
centre to cbntre. 

Ridge Boards 9 inches by i| inches. 

Slating. —Lay best quality Duchess slates (24 ipches by 
12 inches) centre- nailed with a uniform lap of 4 inches and 
10-inch margin. Double courses to be provided at the eaves. 
The underside of roofing to be torched. Battens 2 inches by 
,1 inch, if cement asbestos shingles are preferred, specify to be 
laid diagonally and in accordance with the maker’s specification. 

Roof Ridges .—Blue ridge tiles to be securely fixed on ridge 
boards in neat cement, ‘if lead work is desired, specify for a 
2-inch roll to be spiked on ridge boards and dressed with 6 lbs. 
sheet-leid. Lead tingles 18 inches long are to be provided* 
4 feet apart under the hip rolls, and the sheet-lead is to be 
fastened thereto. 

Facia Board to be 9 inches by 1 inch, with beaded edge. 

Guttering and Down Spouts .—5-inch O.G. guttering to be 
fixed around building with suitable fall to the two 4-inch down 
spouts. Down spouts with feet to be provided and fixed in 
agmoved position. 

windows. —Provide and fix cast-iron window frames as 
required, and glaze on completion of work with 26-ounce glass. 

Door (hanging type). —To* be made in halves. The framing 
to be constructed of 2 J-inch by 7-inch hanging and meeting 
stiles, an4 ij-fach by 7-inch bottom, middle, and top rails; 
and afterwards board the entire height of. door With' l«inch 
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mat dty boarding. Paint do#r with priming and two finishing 
coats in apprised coJour. Bolt to the doors four wrougltj-iron 
strap-hangers, 3 inches by f-inclj, and drill and fix f-inch centre 
pins for the 4-inch diameter, cast-iron carrier wheels to work 
thereon. Provide and fix runner rail of sufficient length to 
enable the door to open to full width of doorway. 

Fig. 7 shows,details of construction for a ventilating louvre, 
suitable for the sulphate house, should it be deemed advisable 
to add this. 

- Cooling Plant 

In*j?assing, brief reference may be made to the outside con¬ 
densing plant. Whatever type of plant is installed to cool the 



waste gases, provision must be made for readily cleaning out 
the apparatus. If this is neglected stoppages will be frequelit, 
for it is found on many plants that ammonia at times travels 
forward with the waste gases, and carbonate of ammonia deposits 
in the condensing plant. This solidifies when ?he sulphate 
plant is shut down and the pipes become cool. When tl^ fin¬ 
stance referred to is removed, it is Jrlack in appearance, due to'dis- 
coloration by hydrocarbons passing for wav' w 1 ’ the waste gases, 
i The arresting of lime sludge ns of real importance, for if 
the spent liquor is -Plowed to pass forward t- imgh, pipes direct* 
to sew r <Jt other cutlet, without the removal ^ the.lime sludge, 
a hard fubstance will form in the pipes, and even'u^ly Jilock 
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up the passage. The writer remembers examining on onfl'occa- 
sion a 4-inch glazed pipe which was completely Choked with 
lime sludge, and it had become; so hard that a number of pipes 
were broken in the endeavour to dislodge the incrustation. 

The object of this article is not altogether so much the 
describing of a model sulphate of ammonia factory, because 
the writer is perfectly aware that what is admirably suited on 
some works is quite out of place at others ; but the suggestions 
made may, the writer hopes, be used to advantage by some mem¬ 
bers of the profession who have to deal with work of this class. 


Comparison of Ammoniacal Liquors from Various Sources 
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Averages taken from Annual Report for 1896 of'the Chief 
Inspector under the Alkali, etc., Works Acts. For further 
particulars see this Report. 

Comparison of Three Analyses of Ammoniacal Liquor 

MADE BY THE WRITER DURING YEAR 1899 
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I he following Table shows the quantity of pure Sulphuric-Acid' 
(H 2 S0 4 ) contained in ico.parts dilute at different densities 
according to Dr Ure’s Dictionary 


(Specific gravity of water •> 1 . 000 ) 
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11 Plovef, Sydney" 

Lower TaranakHStreet 
Wellington 
New Zealand • 
Cable Address 
‘‘Btftcher, Wellington" 







































































Tar Distilling Plank 

THESE HAVE BIiEN SUPPLIED 
BY US FOR DISTILLING FROM 
FIVE TO "FORTY TONS DAILY 


w w 


PURE CONCENTRATED 
ArtrtONIA PLANTS 

•«*t V>t 

BENZOL PLANTS 

(V l«* 

SULPHATE OF ArtrtONIA 
'PLANTS 

vu 

Gasworks Plant 

OF EVERY DESCRIPTION MADE 
AND ERECTED IN ALL PARTS 
OF THE WORLD, 

w w 

C. fit W. Walker, IrtcL 

' DONNINfiTON, NfcWPORTSftLOP 

London Qffioe : 110 Cannon Street, E.C.f, 
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AMMONIA PRODUCTS 


CHAS. PAGE & CO. 

47/51 KING WILLIAM ST. * 
MERCHANTS EXPORTERS 

LONDON, E.C. • 


TAR PRODUCTS 


Suppliers of B&niol Washing Oil 
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CENTRIFUGAL 

DRYING MACHINES 


SULP.HATE OF AMMONIA 

FOR DRIVING EITHER BY 
ENGINE, BELT, OR ELECTRIC MOTOR 


*- 


ll 


u 


t I 


J£ , 

i-J 




MANY PATENTED IMPROVEMENTS, PARTICULARS 
OP WW r H MAY BE HAD ON APPLICATION 


MAKERS 

POTT, CASSELS & WILLIAMSON 

'MOTHERWELL, SCOTLAND 


Y VI t 














Benzol ,(pure) 

Anthracene 

Toluol (pure) 

Pyridine 

Xylol 

Refined Tar 

Solvent Naphtha 

Pitch 

High-Flash Naphtha 

Fuel Oil 

Solvene 

Black Varnish 

Naphthalene (pure) 

Oxide of Iron 

Carbolic Crystals 

■- 

Cresylic Acid 

Ammonia (au strengths) 

Ortht,cresol 

Ammonium Carbonate 

Metacresoi 

Nitric Acid 

Creosote 1 . 

Benzol Absorbing Oil 

• 


SULPHURIC ACID 


« 

Brotherton 


& Co., Ltd*. 


Ammonia & Tar Distillers 


Works— 

Birmingham 

Glasgow 

Leeds 

Liverpool < 


City Chambers 

-Leeds 


Works- 

Mlddlesbro' 

Sunderland 

Wakceield 

Worklng^tn 







TUBES 


and 


FITTINGS 

* 

Loose Flange Jnint Tubes 

COILS 

of every description for Refrigeration, Hot Water, Steam, etc. 

STEEL GAS BOTTLES 

* 

for Compressed Air, Oxygen, Hydrogen, Acetylene, 

Carbonic Acid, Nitrous Oxide, and all other Gases. 

Stewarts and Lloyds' 


LIMITED 

GLASGOW BIRMINGHAM 


LOI^JON 
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Gibbons Bros., Ltd. 


. DUDLEY 


Gas Engineers 

SPECIALISING IN 

RETORT HOUSE BUILDINGS COMPLETE 
WITH INSTALLATION 

RETORT BENCHES, SETTINGS AND 
REGENERATORS OF EVERY DESCRIPTION 
CHARGING AND STOKING MACHINES 
QGUEST-GIBBONS PATENT) 

RETORT FITTINGS 
FURNACE FITTINGS 

ELEVATORS, HOPPERS, AND CONVEYING 
MACHINERY TO SUIT ANY PLANT 

TELPHER TRACKS AND RUNS 
GIBBONS & MASTERS PATENT TUBE FLUES 
GIBBONS & MASTERS PATENT A B C TILES 


/■London—Walter House, Strand, W.C.2 
J Manchester—85 Trevelyiui Buildings, Corporation Street 
BRANCH J Cardiff—37 Westboume Wad, Penarth 
OFFItES: Newcastle District—Stiffa House, Middleton St George, 
% Co. Durham 

Melbourne—340 Spencer Street 
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ESTABLISHED 1834 



FIRECLAY and SILICA 
GOODS 

OF EVERY DESCRIPTION 


HIGHEST QUALITY ONLY SUPPLIER 

» 

B. GIBBONS, Junr., 'LTD. 

DIBD8LE WORKS 

DUDLEY 
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SULPHATE of AMMONIA 
SATURATORS 



JOSEPH TAYLOR & CO. 

Chemical Plant engineers 

BLACKHORSE STREET MILL 

BOLTON 

Telegraphic Addreee Works Telephone No. Reiideilce 

‘^SATURATORS, BOLTON ” 848 BOLTON # 1J? BOLTON 



















DAVIS BROS. 

Chemical Engineers 

LONDON . . . MANCHESTER - 

265 Strand, W.C. 66 Deansgate . . 

• __ • * 

jQAVIS BROS, were among the first 
to adapt the Column Still to the 
recovery of Ammonij from Gas Works 
Liquor, and have been makers of Con- 
tinuous Ammonia Stills and Sulphate 
Plants since 1885 . 

SPECIALITIES— 

TAR DISTILLATION PLANT 

( 1 -ii i n . 1 —————— 

SULPHATE OF AMMONIA PLANT 
AMMONIA STILLS . . 

ANHYDROUS AMMONIA PLANT., 
PATENT “TREPEX” GAS 

"'" washers .... 

AMMONIA LIQUOR PLANT . 

MURIAT E OF AMMONIA PLANT 
SULPHURIC ACID PLANT 

ACID DEARSENjCATION_ ._. 

(with Waste Saturatorjases) 

Telep hones: Telegrams: 

i369a^Central London “Trepex London" 

3060 Caitral Manchester “Expert Manchester" 
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f Mm BR8ADBENT & MS 

LIMITED 

CENTRAL IRON WORM'S*' 

1 TS& nt HUDDERSFIELD 


specially adapted for the treatment 

OF SULPHATE OF AMMONIA 



Type No. 3 


SUSPENDED DIRECT 


pSteam Driven Hvdfcr-iBxtractor r 


•i—. 
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Batson, laidlaw & co., u. 

\ e 


98 DUNDAS STREET (South) 

GLASGOW 


J 































THE. BRITISH GAS flIRflFYINQ' 
MATERIAL'S COMPANY, Ud 

(V. T. P. CUNNINGHAM, Chief Proprietor and nTijppHQl.In* ' 

MINERS OF ENGLISH BOG ORE 
AND RICH NATURAL HYQR4TED 
OXIDE OF IRON 
DEALERS IN SPENT OXIDE 


Registered Offices — 

13 ARCADIAN GARDENS, WOOD GREEl£ 
LONDON, N.22 

Telegraphic Address— Telephone— 


‘ BRIPURIMAT, wood-london ” 


“PALMERS GREEN, 608” 


Wfc SPECIALIZE' 

' % 

IN SMALL GAS W0RK^»- 

and solicit enquiries lor 

EXTENSIONS & RENEWALS, GASHOLDERS 
« PURIFIERS, CONDENSERS, WASIJERS 
SCRUBBERS, WATER TANKS 
Etc. 

PORTER ®L CO. 

Gas Dngineer«= 


Tei-i8T«4ps • 

PCTOTE^, LINCOLN” 


LIN tOI|\ 

ESTABLISHED 1866 


Telephone: 
* 288 
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rtfrBiakeiep>Sons$Co. 

, ' „ * LIMITElJ ' ' *' 

CHtiKCH FENTON, near LEEDS 

TELEGRAMS-BLAKELEY, CHURCH FENTON 

GOOD OVERHAULED PLANT 

' ALWAYS IN STOCK FOR • 

GASWORKS, CHEMICAL WORKS, Etc, 

Satisfaction Guaranteed 1 

CONSTRUCTIONAL IRONWORK ERECTIONS 

Ask us to Quote 

PLANT OF ALL KINDS 
PURCHASED FOR DISMA*NTLING 


Notice 

to those interested in 

C OKing and By-Products 

e 

A Coking- and By-Products Section appears in the first issue of 
“The Gas World” each month. Copies containing it will he seut, 
post free (iif the United Kingdom), for fis. per annum. Single copies, 
price 4d.; by post.'id. 

Tie above Section is the official organ of the Coke Oven Managers' 
Association. * 

This Section contains reports of meetings, descriptions of plant and 
^apparatus, papers relating to Coking and By-Products and much 
general information concerning the industry. 

The annual subscription to “The Gas World,” if sent weekly , including a copy of “The 
Gas World” Year Book, is, United Kingdom, 19s. 6d. prepaid. Abroad, 21s., prepaid. 

v - < * 

“The Gas World ” Offices, 8 Bouverie Street, London, E.C.4 




'•THE. CARBON JSAtTOto' 
OF COAL 

A SCIENTIFIC REVIEW OF THE FORMATION, COMPOSITION 
AND DtSTRUCTIVE DISTILLATION OF COAL FOR . 
.GAS, COKE, AND BY-PRODUCT 


VIVIAN BYAM LEWES 

F.I.C., WC.S., Etc. 

Professor of Chemistry, Royal Narpl College, Greenwich 
Chief Superintending Gas Examiner to the Corporation of the City of LondC.. 

Vice-President' of the Institution of Naval Architects, etc. etc. 

The Times t ays:—* Will be hailed with satisfaction by all those who 
are interested in carbonising work and who desire to possess the most 
recent information on this important subject.” 

The Colliery Guardian says :—“ There was a need fonthis book. . , . 

In his treatment of the subject of modern methods of carbonisation, 
Professor Lewes is as successful as when dealing with the abstract 
questfcn of the composition of coal.” # 

TV Chemical 'frade Journal says :—“ This book satisfies a long-felt 
want., . . . T'>e fen chapters ileal systematically with the subject. 
Jfc^Other obe tef% go well into the subject of claadBieSlijni and dis¬ 
tribution of coal, various forms of retorts used 'in gas mSfriitSclure 
("which are illustrated by good plates), coke ovens and their develop¬ 
ments. . . . There is also very good descriptive matter regarding the 
conditions existing in the destructiv"distillation of coal, manufacture 
of coke, and the utilisation of residuals for the manufacture of ammo- 
, jinm sulphate and other products.” 

The Gas Journal says:—“ It will be readily admitted that there is 
no one more competent than the author to deal with the subject.” 

The Coal and iron Trades lieeiem says:—“ Much’ information wiiich 
will be useful to gas engineers.” 

The Glasgow Prald says:—“Offers valuable guidance as to the test 
methods by which coal ci.. be utilised in the service oflnau.” f 

The Newcastle Chron'ete snjs:~ "It is, therefore, evident that in 
treating of the carbonisation of #oal Professor tewes is dtaling with a 
subject that is not only of technical inteic# .ut is aLo of vitql im¬ 
portance to ti'e nation generally. # 

• * ---^ ' • * 

“ TJ|e Gas Wcrid ” Offices, 8 Bouveric StTeet, *bondwi, E.C.4 


>' , CONTENTS 

Importance of the Coking- Industry. The Nature and Preparfttiott of Coking: Coals. 
Development of the By-Product Oven. The Working ef A By-Product Coking 
Plant. Systems of Coke Ovens. Coal and Coke HandHnk Machinery ana 
Gas Exhausters. The Recovery of Tar and Ammonia. The Recovery of 
BeneoL TherUtilisation of Surplus Coke Oven Gas. Tar Distillation. 
Chemical Tests. Future Development of the industry. * 


The Iron and Coal Trades Review says:—“ The carbonisation of coal in by-prodrct ovens 
has now become a« industry of national importance, and as there was a lack of a suitable v 
text-book on the subject illustrating British practice, it, was the aim of the author, tKi late 
Mr G. Stanley Cooper, the well-known expert, *0 supply this need. The book is intended 
primarily for the student, but can be perusM amjirjmntiraly by a wider circle of readers, as 
all intricate technical explanations hav* as much as possible, while the expert 

may also find food for thought in fes page*,**' 6^.*, 

American Gas Engineering Journal Ah <W»««3ingly useful and well-prepared 

book on a subject upon which there is an insufficiency dfavailable literature,” 

The Science and Art of Mining says:—“On the Whole the book is an admirable intro- > 
Ruction to the subject, and will prove very useful. The theoretical and practical sides of the 
various topics'are well blended, Riid we highly recommend the book to our readers.” 

The Colliery Guardian says:—“We can commend this book foi the excellent account it 
affords of existing practice in by-product coking.” 
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COAL TAR DISTILLATION 

AND WORKING UP OF TAR PPOmJCXS 9 

By ARTHUR R. WARffCS* i 

Cheir 1 Engineer and Technical Chemist, Mem, S>oc. Cbem, Industry 
^ "% Mem. Faraday Sec., Etc. 

SECOND EDITION. REVISED AND ENLARGED , 

Demy 8cw. With lustrations. Price los. 6d. net ' Kv 

A text-book for the Managers of Tar Works, Coke Oven Works, Ga$ ‘ 
and Students of Technical Cnefhistfy. 

CONTENT^.—Cdal Taf. How Tar is Received from Gasworks. pis 
the Distillation of Tar. Distillation of Coal Tar. Plant far 
Cresylic and Carbolic Adds from Oils, The Recovery of Carbolic Aw* 

Acids. Plant for,the Recovery of Benzols, Naphthas, etc. The RectM|ry Of 
^ Benzols and Naphthas. First Distillation and Washing. The Rectification 
of Benzols and Naphthas. P^antfprthe Working of Pyridine from Pyridine- 
Acid. The Recover 


i> of Pyridine from Pyridine- 
>**» Bases. Plant for the 
she. The Manufactnra.bf 
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PREFACE TO^fRST EDITION 

“ Of the making of books there is no end,” and yet, amid the 
multitude of them, the proprietors of The Gas World feel that 
there is still a need for a practical handbook upon “ The Manu¬ 
facture of Sulphate of Ammonia,” a handbook .11, while it 
will be of interest to the large manufacturers, trill yet be of 
such modest dimensions as to be within the reach of the small 
manufacturer with limited means, and which, avhilc it will 
contain full working details, shall yet be written in such simple 
language that it infty be easily understood by any w#rkman 
of average intelligence—in short, not so much the work of'the 
scientist or the man of high literary attainments^as that of a 
practical works’ man writing for his fellow-workers. Such a 
w»rf? thj^>n?prietors of The Gas World asked the writer to 
undertake, and after much hesitation and mature consideration 
he ^reed to do so ; and he nofr therefore makes his bow to that 
section of the British public who are interested in the subject 
under Wscussion. 

In a work of this character space prevents opr dealing with 
more than just a typical example fr two of each kind <>{*plant, 
■and the omission from tht^e pages of mention of any maker’s 
flant must not, for one mo°ment, be taken to infer that such a 
plant is unworthy" of notice or inferior to the examples 
selected. 

The writer desires to thank most heartily the various manu¬ 
facturers mentioned in these pages for the kindly manner Gn 
which they have responded b, his requests for particulars in S' 
drawings of their plants, etc.; in fact, the response has Jpeen so 
generous that out of the mass of valuably matqpal furnished 
& h|s b*R? in many ca^es, most difiieult to make ^selection. 
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as lie felt that, had space permitted, he should- have liked to 
u^k all. t 

He also desires to thank Mr Owen Evans, assistant manager 
of the Wrexham gasworks, for kindly giving permission to 
reproduce the drawing of their sulphate of ammonia plant as 
frontispiece; and also Mr Phitfa G. G. Moon, of the Bourne-*, 
mouth gasworks, for his kind permission to repaint his valuable 
paper on “ Sulphate Manufacture for Small Works,” repro¬ 
duced in Chapter XIV. of this work. 

In conclusion, the author desires also to thank his colleagues 
in the woWst-Messrs John Wyi.d, Wilfrid Wyld and W. A. 
Twine— for the valuable assistance they have rendered him in 1 
the prepanLion of the work. 

, G. T. C. 

Erdington, 

near Birmingham, 

' September lyti 



PREFACE TO SECOND EDr#l£)N 

\ 

The kindly reception afforded to the first edition of this work, 
the fact that that edition is now out of print, and tlio numerous 
inquiries that reach the publishers for a second edition, must 
be the writer's excuse for venturing out of his ictirement to 
prepare this second edition. 

. To the many friends who have so kindly ass^ted him to 
bring the matter up to date he tenders his heartfelt thanks, 
anaTf lavenders profit as much by the perusal of his work as 
he has had ple.'.ure in writing it, he will be quite satisfied with 
the results. 

G. T. C. 

• • 

Erdington, 

September 1917 




